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Super assemblers 
plus the world’s 
largest selection of 
cross assemblers! 


Z-80 

Macroassembler $49.50 

Power for larger programs! This 
2500AD macroassembler includes: 

• Zilog Z-80 Macroassembler (with 
the same powerful features as all 
our assemblers) 

• powerful linker that will link up to 
128 files 

• Intel 8080 to Zilog Z-80 Source 
Code Converter (to convert all 
your Intel source to Zilog Syntax 
in one simple step) 

• COM to Hex Converter (to convert 
your object files to Hex for PROM 
creation, etc.) 

• 52 pages User Manual 

8086/88 Assembler 
with Translator $99.50 

Available for MSDOS, PCDOS, or 
CPM/86! This fully relocatable macro¬ 
assembler will asemble and link code 
for MSDOS (PCDOS) AND CPM/86 
on either a CPM/86 or MSDOS 
machine. This package also includes: 

• An 8080 to 8086 source code 
translator (no limit on program 
size to translate) 

• A Z-80 to 8086 translator 

• 64 page user manual 

• 4 linkers included: 

-MSDOS produces .EXEfile 
-CPM/86 produces.CMD file 
- Pure object code generation 
-Object code and address 
information only 
Linker features: 

• Links up to 128 files 

• Submit mode invocation 

• Code, Data Stack and extra 
segments 

• Handles complex overlays 

• Written in assembly language for 
fast assemblies. 

• MICROSOFT.REL format option 


Z-8000 Cross Development 
Package $199.50 

Instant Z-8000 Software! This 
package allows development and 
conversion of software for the 
Z8001,8002,8003 and 8004 based 
machines on a Z-80, Z-8000 or8086 
machine. This powerful package 
includes: 

• a Z-80/8080 to Z-8000 Assembly 
Language Source Code Translator 

• Z-8000 Macro Cross Assembler 
and Linker 

The Translators provide Z-8000 
source code from Intel 8080 or Zilog 
Z-80 source code. The Z-8000 
source code used by these 
packages are the unique 2500AD 
syntax using Zilog mnemonics, 
designed to make the transition 
from Z-80 code writing to Z-8000 
easy. 


All 2500 AD Assemblers and 
Cross Assemblers support the 
following features: 
Relocatable Code — the 

packages include a versatile Linker 
that will link up to 128 files together, 
or just be used for external 
reference resolution. Supports 
separate Code and Data space. 

The Linker allows Submit Mode or 
Command Invocation. 

Large File Handling Capacity 
—the Assembler will process files 
as large as the disk storage device. 
All buffers including the symbol table 
buffer overflow to disk. 

Powerful Macro Section— 
handles string comparisons during 
parameter substitutions. Recursion 
and nesting limited only by the 
amount of disk storage available. 
Conditional Assembly —allows 
up to 248 levels of nesting. 


Assembly Time Calculator— 

will perform calculations with up to 
16 pending operands, using 16 
or 32 Bit arithmetic (32 Bit only for 
16 Bit products). The algebraic 
hierarchy may be changed through 
the use of parentheses. 

Include files supported— 
Listing Control —allows listing 
of sections on the program with 
convenient assembly error detec¬ 
tion overrides, along with assembly 
run time commands that may be 
used to dynamically change the 
listing mode during assembly. 

Hex File Converter, included 
—for those who have special 
requirements, and need to generate 
object code in this format. 

Cross reference table 
generated— 

Plain English Error 
Messages— 

System requirements for all pro¬ 
grams: Z-80 CP/M 2.2 System with 
54k TRA and at least a 96 column 
printer is recommended. Or 
8086/88 256k CP/M-86 or MSDOS 
(PCDOS). 

Cross Assembler Special Features 
Z-8 —512 User defined registers 
names, standard Zilog and Z-80 
style syntax support. 

8748 —standard Intel and Z-80 
style syntax supported. 

8051 —512 User defined register 
or addressable bit names. 

6800 Family —absolute or 
relocatable modes, all addressing 
modes supported. Motorola syntax 
compatible. 

6502 —Standard syntax or Z-80 
type syntax supported, all 
addressing modes supported. 





8086 and Z-8000 XASM includes Source Code Translators 
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Z-80 

CP/M® 

ZILOG 

SYSTEM 8000 
UNIX 

IBM P.C. 
8086/88 
MSDOS 

IBM P.C. 
8086/88 
CP/M 86 

OLIVETTI 

M-20 

PCOS 

8086/88 ASM 



$ 99.50 

$ 99.50 


8086/88 XASM 

$199.50 

$750.00 



$199.50 

16000(all) XASM new 

199.50 

750.00 

199.50 

199.50 

199.50 

68000 XASM new 

199.50 

750.00 

199.50 

199.50 

199.50 

Z-8000® ASM 


750.00 



299.50 

Z-8000 XASM 

199.50 


199.50 

199.50 


Z-80ASM 

49.50 





Z-80XASM 


500.00 

99.50 

99.50 

99.50 

Z-8XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6301 (CMOS) new 

99.50 

500.00 

99.50 

99.50 

99.50 

6500 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6502 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

65C02(CM0S) XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

6800,2,8 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6801,03 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6805 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6809 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8748 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8051 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8080 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8085 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

1802 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

F8/3870 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

COPS400 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

NEC7500 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

NSC800new 

99.50 

500.00 

99.50 

99.50 

99.50 


Subtotal $_ $_ $_ $_ $ 


Name_ 

Company_ 

Address_ 

City_State_Zip_ 

Phone_Ext- 

Make and model of computer 

system_ 

□ C.O.D. (2500ADpays C.O.D. charges) 

□ VISA or MasterCard #, Exp. Date (mo./yr.) 


TO ORDER. Simply circle the product or 
products you want in the price coiumns above, 
enter the subtotal at the bottom of that column 
and add up your total order. Don’t forget 
shipping/handling. 

Check one: 

□ 8" Single Density 

□ SW'Osborne 

□ IBMP.C. 

□ Cartridge Tape 

□ Apple (Softcard) 

Signature_ 


Total $_ 

shipping/handling 
($6.50 per unit, 

$20.00 per unit for 

Int’l. airmail) $_ 

Total Order $_ 

CP M is a registered trademark of Digital Research. Inc. 


250MD9GFM4REINC 

------ P.O. Box 441410, Aurora, CO 80014,303-752-4382 TELEX 752659/AD -------- 
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Advanced Analytics Solves 
Tough Robotic Problems 



Advanced Analytics can give you the 
assistance you've been looking for, no 
matter what your specific robot-related 
needs may be. 

For example, we can design and build 
computer hardware, helping you to 
develop prototype systems. We can 
write custom software or improve your 
existing programs. We can implement 
your robotic concepts. 


Because of our experience and technical 
skills, we creatively combine the latest 
technology with superior engineering to 
arrive at unique and cost-effective 
solutions to your problems. 

We work with our clients, not just for 
them. We begin with an initial interview 
to fully understand your goals. Then we 
tailor our work to fit your needs. Step by 
step, it's a team effort — Advanced 
Analytics and you. 


Do you have a project and need assistance? Write or call us. 

We'd like to help. 



Advanced Analytics Corporation 
Business and Technology Center 
701 Devonshire Drive C-21 
Champaign, Illinois 61820 
217-359-5888 
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22 Glossary of CNC and by Robert C. Wohlsen, RE. 

Machine Tool Technology 
An introduction to the terminology of CNC tools. 

25 A Glance at Some Staff 

Microprocessor-Controlled 
CNC Tools 

An overview of inexpensive CNC machines controlled by standardly 
available microcomputers. 

30 Intel’s Bitbus by Peter I. Wolochow 

Microcontroller Interconnect 


Distributed control systems have suffered from a lack of a standard 
interconnect. Intel announces Bitbus, its standard interface that allows users 
to connect intelligent parts of distributed systems. 
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6 Calendar 12 Sensory Perceptions /j 

9 Letters 42 New Products U 

10 Advertiser Index ^ 



About the cover: Coupling personal computers with small-scale precision CNC tools 
opens the possibility of tabletop manufacturing systems. This month’s cover by Jonathan 
Graves displays a fanciful production system for chess pieces. 
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Editorial 


LOGO, THE NEGLECTED LANGUAGE 


W hen asked to name languages appropriate for 
artificial intelligence, expert system, and robot 
control experimentation, most people will 
choose languages such as Lisp (and all its 
variants). Sail, Actor, Flavors, etc. One language 
which is rarely mentioned is Logo. 

Logo... isn’t that for kids? Most people associate Logo 
with graphical turtles and school children. Although it was 
designed to provide a simple introduction to the world of 
computing, Logo has powerful computational constructs 
seated beneath its turtle veneer. 

Logo is basically a friendly implementation of Lisp. Like 
Lisp, its strength comes from the ability to easily manipulate 
lists. It provides a level of data abstraction not found in 
languages such as Pascal and Ada. Variables can be as¬ 
signed properties which can be compared to the proper¬ 
ties of other variables. Logo can write its own program, 
execute it, examine the results, modify the program, and 
re-execute it. This ability to modify models as more infor¬ 


mation is received is of primary importance to artificial in¬ 
telligence programs. 

The differences between Logo and Lisp are mostly super¬ 
ficial. Logo does not require the high density of paren¬ 
theses that is so indicative of Lisp. Many of the Lisp func¬ 
tion names have been changed. CAR is now simply called 
FIRST and CDR is REST. Changes such as these keep 
people from having to delve through obtuse terms just to 
attain the power of the language. 

At the recent International Personal Robot Congress, 
I spoke with several people who also believe that Logo 
needs to be considered a serious design language. The sub¬ 
ject of building Logo into a personal/experimental robot 
leads to conclusions on several different levels. 

Adding Logo to a personal robot provides an immediate 
communication interface through turtle commands, which 
would allow children and nontechnical adults to program 
a robot to march around the house Tlirtle commands would 

Continued on page 41 



Computer Servo Controlled Robot Arm 


Write for Free Catalog 

f^nalag micro Systems 

5660 Valmont Road. Boulder, Colorado 80301 .Tel: (303) 444-6809 


Robot-L 

Keyboard or Joystick Control 

Remembers Everything It Did 
& does it again 

Typicai System Includes: 

. Robot-1 & Cables 
. 6 Channel Servo Controller 
. Power Supply 

. All Software with source code 

Modular Robotic Accessories: 

. Mobile Cart for Traveling 
Robot 

. Radio Links between all 
Functions 

. Robot-mounted MIcronEye^^ 

. Ultrasonic Range Finder 

Robot-] Series 

starting at $289.00 
for the Color Computer 
and 6809 SS50 Computers 

Additional Systems Available 
Robot-1R tor Radio Control Systems 
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Mow you ian program MCRO 
from your iomputer* 

It’s a breakthrough by the crack 
robotics team at Virtual Devices! Meet 
MENOS I: the control system that brings 
HERO to life. 

MEMOS r$ software makes HERO 
more fun to operate. 

It’s as fast and easy as programming 
your PC. Because MENOS takes full 
advantage of a computer’s keyboard, 
memory, and disks—to save you months 
of time and frustration. 

MENOS even performs a diagnostic 
check every time you start operating. And 
when you write programs in our high-level 


robotic language, MENOS prompts you and 
checks your syntax. You can edit quickly, 
then download programs to HERO. 

A split window display of motor posi¬ 
tions and sensor readings lets you monitor 
HERO’S execution of your program. Or 
you can simulate the execution right on your 
computer screen. So you don’t even need a 
robot to learn robotics! 


Our fee is very reasonable. 

Especially now, when the introductory 
price is just $395. (After March 31, it’s $595.) 
And you get a 30-day money-back guarantee, 
plus a full year’s warranty on parts and labor. 

To find out more, call us or write us 
at P.O. Box 30440, Bethesda, MD 20814. 
Better still, order today. And get ready to 
perform a heroic feat of surgery. 


MEMOS Vs hardware gives HERO 
a mind of its own. 

Besides a more powerful micropro¬ 
cessor and an RS-232 port, you get 34K of 
memory, with 3 operating systems in ROM— 
including an upgrade of HERO’S own. Plus 4 
expansion slots for more breakthroughs. 


Caiitoiidrees h800'767>ROBO, 

In Maryland, 301-986-9327. 
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Calendar 


JUNE 

4-7 June. Robots 8. Cobo Hall, Detroit, MI. Contact: Jeff Bumstein, 
Robotics Institute of America, PO Box 1366, Dearborn, MI 48121, 
telephone (313) 271-0778. 

The theme for this year’s annual Robots show is Merging Technologies. 
More than 20,000 specialists, industrialists, manufacturing engineers, 
and executives are expected to attend the four-day event The conference 
features more than 80 leading experts explaining new aspects of robot 
implementation, applications, and research. The exposition will occupy 
the entire main level and additional exhibit space at Cobo Hall. 

1984 Kansas Computer Exhibition & Robotics Conference. Century 
II Convention Center, Wichita, KS. Contact: Ron Holmes, Wichita 
Group, Inc., PO Box 47186, Wichita, KS 67201, telephone (316) 
269-1022. A Robotics Conference will be included in the 1984 Kansas 
Computer Exhibition. 

The conference will feature speakers, demonstrations, audiovisual 
presentations, and exhibits, with an emphasis on personal, aerospace, 
and agricultural applications of robotics. Representatives of robot 
manufacturers, university-sponsored robotics programs, and the robotics 
press have been invited to speak. Approximately 10,000 people from 
across Kansas and adjacent states are expected to attend. 

19-21 June. 3rd Canadian CAD/CAM & Robotics Exposition and Con¬ 
ference. Toronto International Centre of Commerce. Contact: Hugh F. 
Macgregor & Associates, 662 Queen Street West, Tbronto, Ontario 
M6J 1E5 CANADA, telephone (416) 363-2201. 

This exposition is the major Canadian marketplace for advanced 
manufacturing systems. Conference topics include: Robotics Justifica¬ 
tion for Management, CAD/CAM, Robotics Education, Robotics Socio- 
Economic Considerations, Robotics Engineering, and Robotics 
Applications. 

25-29 June. Computer Vision and Image Processing—84()9. Univer¬ 
sity of Michigan. Contact: The University of Michigan, College of 
Engineering, Engineering Summer Conferences, Chrysler Center, North 
Campus, Ann Arbor, MI 48109, telephone (313) 764-8490. 

With the advent of high-speed computers, processing and extracting 
information from images has become an important technology. This 
course presents techniques for processing images and recovering useful 
information with emphasis on solving problems having a variety of ap¬ 
plications. 


JULY 

9-12 July. 1984 National Computer Conference. Las Vegas Conven¬ 
tion Center, Las Vegas, NV. Contact: TVudi Riley, AFIPS, 1899 Preston 
White Drive, Reston, VA 22091, telephone (703) 620-8952. 

Enhancing Creativity is the theme of the twelfth annual NCC. The 
conference will focus on how the widespread availability of computing 
resources is altering the office, factory, and home. 

23-27 July. SIGGRAPH ’84. Minneapolis, MN. Contact: SIGGRAPH 
Conference Office, 111 East Wacker Drive, Chicago, IL 60601, telephone 
(312) 644-6610. 

This year’s SIGGRAPH Conference attendees will be treated to a vast 
array of technical and exhibit offerings. The program includes up to 
30 one- or two-day courses, panels on topical computer graphics issues, 
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We’ve 

got 

the 



Armdroid I 

W01N-001 $1,295.00. 

(See Details Below) 



you 

check 

out 

.the 

prices. 


Armdroid I has rugged construction 
... aluminum frame with bracing. 
Heavy-duty tapered pin bearing base. 
ICs are socket mounted for ease of 
maintenance or fault insertion. Six 
degrees of motion with five axes of 
rotation. 10-oz. lift capacity. Capable 
of "continuous path" using several 
joints at once under computer control. 
Can be operated by most micro com¬ 
puters with an 8-brt port. Software cur¬ 
rently available for Apple Hs. Franklin, 
Commodore VIC 20 and IBM. 
'’'00001N-001, $1,295.00. 





Two Roger Gripper: Replaces standard three 
finger gripper making it easier to grasp square and 
rectangular objects. »01017-N117. $ 95 . 00 ._ 



Magnetic Pick-up: Plugs into shoulder of 
Armdroid I. Used for magnetic handing experimen¬ 
tation. Can be rotated under computer control for 
repositioning of object. *0101SN115 $72.95. 



Vacuum Pick-up: Plugs into base of Armdroid 
I. Used for vacuum handing experimentation. Can 
be rotated under computer control for reposition¬ 
ing of object. Solenoid valve included. User must 
supply vacuum source. *01016-N116. $170.00. 


□sm 



CnmPUTING. INC. 

Bax EIDB 
Fargo. North Dahota 38107 
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Calendar 


a larger number of exhibits, a design arts show, and the premiere of 
the first totally computer-generated Omnimax film. 

30 July-3 August. Robot Manipulators, Computer Vision, and 
Automated Assembly. MIT, Boston, MA. Contact: Director of the Sum¬ 
mer Session, Room E19-356, Massachusetts Institute of Technology, 
Cambridge, MA 02139. 

A short course given at MIT to prepare participants for the 
sophisticated methods soon to be employed in advanced automation. 
The emphasis is on developing strategies for the solution of problems 
in sensing, spatial reasoning, and manipulation. The use of existing 
industrial robots and binary vision systems is also covered. 

30 July-3 August. Robotics: Concepts, Theory, and Applications. 
University of Michigan. Contact: The University of Michigan, College 
of Engineering, Engineering Summer Conferences, Chrysler Center, 
North Campus, Ann Arbor, MI 48109, telephone (313) 764-8490. 

Course covers concepts and mathematics of computer-based robots. 
Topics include kinematics, dynamics and control, robotic vision, integra¬ 
tion of sensor systems, robotic languages, economic justification, and 
applications. Laboratory sessions using PUMA robot arms illustrate the 
concepts presented in the lectures. 


AUGUST 

1-3 August. The Computer: Extension of the Human Mind. Eugene, 
Oregon. Contact: Summer Conference Office, College of Education, 
University of Oregon, Eugene, Oregon 97403. 

This conference, the third annual computer and instructional 
technologies conference to be sponsored by the Center for Advanced 
Technology in Education, will focus on the needs of the individual who 
has become responsible for school and district-level use of computers 
and other emeriging instructional technologies. Both general and special 
interest group sessions will be supplemented with an extensive vendor 
hall and film/video theater related to computer technology in educa¬ 
tion. Pre- and post-conference workshops will be conducted on the 
educational uses of computers. 

5-8 August. Lisp and Functional Programming. University of Texas 
at Austin. Contact: Robert S. Boyer, University of Texas at Austin, In¬ 
stitute for Computing Science, 2100 Main Building, Austin, TX 78712, 
telephone (512) 471-1901. 

This is the third in a series of biennial conferences on the Lisp 
language and issues related to applicative languages. Areas of interest 
include implementation problems; programming environments; large 
implementations; support tools; architectures; microcode and hardware 
implementations; significant language extensions; lazy evaluation; fianc- 
tional programming; logic programming; combinators; FP; APL; Pro¬ 
log; and other languages. 

20-24 August. National Conference and Exhibition on Robotics—1984. 
Melbourne, Australia. Contact: The Conference Manager, Institution 
of Engineers-Australia, 11 National Circuit, BARTON, A.C.T. 2600, 
AUSTRALIA, telephone (062) 73-633. 

This conference promises to be the most important Australian robotic 
event held to date. It will have a strong application and education em¬ 
phasis. Leading Australian robot users, developers, and researchers will 
present their experience and views on this important high-technology 
area. 




Synchronous Motors for laser scanning 
always spin at exactly the speed dictated 
by the frequency. For laser scanning, the motor 
has to turn the polygon at precisely the required speed at 
all times. And that’s what makes Vernitech AC 
Hysteresis Synchronous Motors perfect for laser 
scanners and bar code readers. 

The speed is dictated — absolutely — by input 
frequency. As long as the frequency remains constant, 
so does the motor speed. Whether the frequency is 
2.5 Hz or 1600 Hz, and a speed range of 150 to 75,000 
rpm, the unique Vernitech design will synchronize. 
Broad Band (150-40,000 rpm) can be designed into a 
single motor frame. 

The electronics required fits easily into 5 cubic 
inches. The voltage required for the drive is 5 VDC. The 
output circuitry for motor drive is 5 wire. Our motors are 
precision instruments in every way. The shaft can have 
straightness of .0001" TIP, and perpendicularity to hub 
of .0001" TIP. The dynamic balance of the rotor Is 
.0001 oz/inches. 

Vernitech AC 
Synchronous Motors are 
available in a power 
range of 1 to 100 watts 
per phase, 2 through 250 
volts, with 2,4, 6,8, or 12 
poles, and with polygons 
mounted outside bearing 
journals (for under 20,000 rpm), or Inside bearing journals 
mounted (for up to 75,000 rpm). We can mount the 
polygon if desired, and In fact, custom-build the motor to 
your specifications. 

For more Information, contact Jerry Moonelis at 
Vernitech, (516) 586-5100,300 Marcus Blvd., Deer Park, 
NY 11729. TWX 510-227-6079. 



* Not apparent in 
most critical applications. 
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Calendar 


SEPTEMBER 

10-13 September. 10th Annual Advanced Control Conference. Fowler 
Hall, Stewart Center, Purdue University, West Lafayette, IN. Contact: 
Edward J. Kompass, Control Engineering Magazine, 1301 South Grove 
Ave., PO Box 1030, Barrington, IL 60010, telephone (312) 381-1840. 

This year’s conference celebrates the 25th anniversary of the applica¬ 
tion of digital computers to industrial control. T\venty-two applications 
papers will support the four specially-commissioned, two-hour tutorials. 
Topics include: a view of the beginnings and development of digital 
computer-based industrial control, the merging of discrete and con¬ 
tinuous process control, the beginning of computer-based digital con¬ 
trol systems, and a future scenario for computer-based digital control 
systems. Applications papers cover: array processors, fiber optic data 
buses, micro and personal computer packaging for industrial applica¬ 
tions, personal computer software packages for industrial control, in¬ 
dustrial I/O for personal computers and the role of humans in fully com¬ 
puterized industrial plants. 

25-27 September. International Industrial Controls Conference and 
Exposition (IIC ’84). Philadelphia Civic Center, Philadelphia, PA. Con¬ 
tact: Tower Conference Management Co., 331 W. Wesley St., Wheaton, 
IL 60187, telephone (312) 668-8100. 

Preliminary session titles include: Advances in Information Flow Net¬ 
works) Highways for Factory Automation) Vision) User-friendly Soft¬ 
ware for Programmable Controllers) Fiber Optics) and Robotics. 


OCTOBER 

2-4 October. 14th International Symposium on Industrial Robots. 
Gothenburg, Sweden. Contact: Swedish TVade Office, 4000 Tbwn Center, 
Suite 202, Southfield, MI 48075, telephone (313) 352-6990. 

Nearly 1,000 delegates are expected to participate in this year’s sym¬ 
posium. In connection with the symposium, there will also be an ex¬ 
tensive international exhibition showing the latest developments and 
achievements in the field of industrial robots. 

2-4 October. AUTOFACT 6. Anaheim Convention Center, Anaheim, 
California. Contact: Gregg Balko, Computer and Automated Systems 
Association of SME, One SME Drive, PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-1500. 

AUTOFACT 6 will feature a comprehensive program of tutorials and 
conference sessions covering the entire spectrum of computer-integrated 
manufacturing—from design and engineering, through fabrication, 
assembly, inspection and testing, to shipping. 

10-12 October. InteRobot-West ’84. Long Beach Convention Center, 
Long Beach, CA. Contact: Tower Conference Management Co., 331 
W Wesley St., Wheaton, IL 60187, telephone (312) 668-8100. 

InteRobot-West ’84 offers 20 technical conference sessions, three 
special-interest tutorials, and 80 internationally recognized speakers 
and session chairmen. Session titles include: Industry Overview) Tbol- 
ing Design) Machine Languages) Machine Vision) Machine Sensors) 
Robots in the Foundry) Personal and Educational Robots) Education 
in Robotics) and Emerging Robot Applications. 



COMPUTER 
CONTROLLED 
ROBOTICS 

1. DRIVER BOARD 5005 DB $75 

4.5" X 3.8” xO.5", m/CMOS COMPATIBLE, 

OPTICALLY INSOLATED, FOR 4 PHASE MOTORS 2AMPS/50 VOLTS 

ZLINEAR ACTUATOR 601 AM $ 75 

12V/12W, 16 OZ. .OOl” STEP SIZE 
^ 19 LBS HOLDING FORCE. 3 IN TRAVEL 

3. LINEAR ACTUATOR 501AM $43 

12V/3.5W. 1.5 OZ. .002” STEP SIZE 
40 OZ HOLDING FORCE. 1.88 IN TRAVEL 

4. STEPPER MOTOR 201SM $16 

5V/2W. 1.0 OZ. 15 ° STEP SIZE 
0.8 OZ/IN HOLDING TORQUE 

5 . STEPPER MOTOR 301 SM $ 59 

12V, 21.5 OZ. 1.8° STEP SIZE 
80 OZ/IN HOLDING TORQUE 

6 . MOTOR MOUNT FOR 301 SM $25 
7 MOTOR MOUNT FOR 501 AM $ 12 
8 . MOTOR MOUNT FOR 501 AM $ 13 


S®AMSIcorr"™“’”” 

mtM BOX651,SMlTHTOWN, LI., N.Y. 117^ 

TERMS Check. Money Order. C.O.D. VISA or MasterCard 
Purchase Orders from Accredited Institutions 


8 ROBOTICS AGE June 1984 


Circle 5 
























Letters 


T~ 

1/2" 



Improved Computer Interface 

Fm writing in regard to Paul H. Muller’s “A 
Simple Computer Interface for Robotics Ex¬ 
perimenters” (March 1984). Referring to the 
diagram in figure 1, the author states that “when 
bit Do is high... a small amount of current flows 
from the port to ground through the 2N2222 
base-emitter junction.” When bit Do is high, a 
large amount of current will flow from the port 
to ground. Using the transistor as described in 
the circuit will result in a short-circuit, possibly 
damaging the computer’s power supply. A 
current-limiting resistor must be used in series 
with the transistor’s base connection. A Ik Ohm 
resistor will allow approximately 5 mA to flow 
through the emitter-base Junction, thereby “ac¬ 
tivating the transistor’s collector-base junction 
...,” protecting your computer’s power supply, 
and preventing the transistor from burning itself 
out. 

Mike Andre 
RD#4 Box 52 
Boyertown, PA 19512 


Well-Balanced Bipeds 

Your article on Bipedal Balance (Thomas A. 
Easton, April, 1984) is one of the best articles 
I’ve read in your magazine since I discovered 
Robotics Age last October. 

Many of the articles in your magazine interest 
me not because of the circuitry diagrams, but 
rather because of the descriptions of what these 
machines are capable of now, and the 
possibilities of what a more sophisticated ver¬ 
sion might be capable of in the future. 

I am a nonengineer, which is to say that I’m 
interested in robotics but don’t have the elec¬ 
trical or mechanical background necessary to 
be more than mildly interested in a page talk¬ 
ing about transfer carriages or pallet supports. 

I’ve enjoyed the issues of Robotics Age that 
describe the creation of new and more diverse 
sensors and functions, but the article on bipedal 
balance speaks of an entirely new level of robot 
that promises to be as different from the HERO 
as the space shuttle is from the first airplane. 

I enjoy your magazine more because of this 
very interesting article. Thank you. 

Herbert A Kroeze, III 
5231 Matador Court #12 
Thmpa, FL 33617 


Ribbon Cable Source 

I hope you can help me. Some time ago I 
noticed a New Product announcement for a flat 
“ribbon” push-pull cable. I think the product 
was made by Du Pont. I have loaned out several 




YOUR WAY 



HALF-AN-INCH 



Which means that Vernitech now offers Size 5 shaft angle encoders, laser scanning 
motors, stepper motors, precision clutches and brakes, and rotary potentiometers. 

And a linear pot that’s even smaller: 5/16“ high and .280“ wide, with a 1/2“ stroke. 

As far as we know it’s the smallest In the industry. 

Space and weight can now be saved without compromising the quality of your product, 
because the quality of Vernitech’s Size 5 components Is exactly the same as our larger 
components. Our optical shaft angle encoders provide up to 256 pulses per revolution, with 
high performance and reliability, and are available in both housed and modular 
configurations. Our hysteresis synchronous laser scanning motors, with speeds up to 
36,000 rpm, rotate at the exact speed dictated by the frequency. Flutter is not apparent for 
most critical applications. Our Size 5 potentiometers employ the same unique, proprietary 
conductive film used in ail our pots, which allows resolution so close to infinite as to defy 
measurement. Our Size 5 clutches and brakes, with torques up to 4.5 oz. in., feature our 
patented radial magnetic circuit which eliminates all magnetic load on the bearings, and 
tempered steel springs which provide exceptionally low fatigue and zero degree backlash. 

Send us the coupon, call us at 516-586-5100, or TWX us at 
510-227-6079, and we’ll tell you all you need to know about whichever 
of our Size 5 components you need. VERNITECH, a division of 
Vernitron Corporation, 300 Marcus Blvd., Deer Park, NY 11729 

SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B 
W VERNITECH, a division of Vernitron Corporation, 300 Marcus Blvd., Deer Park, NY 11729 

I I’d like to learn more about Size 5: 

m 

01 □ POTENTIOMETERS 

m □ Rotary □ Linear 

^ □ LASER SCANNING MOTORS 

ml □ ENCODERS 
m * O Housed Q Modular 

“ O SERVO MOTORS 
^ DCLUTCHES 
'm a BRAKES 

jjl O HAVE SALESMAN CALL 

SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE B SIZE 
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copies of Robotics Age and now cannot find the 
original reference. Can you help? 

David Smith 
Apt #8 
1022 Okoboji Ave. 
Milford, lA 51351 

The product was indeed made by The Du Pont 
Company. The product is called Dymetrol 
elastomeric tape and was introduced in 1978. 
The material is light weight and suitable for 
use in a push-pull mechanical arrangement. For 
more information, contact: The Du Pont Com¬ 
pany, Marketing Communications Department, 
Wilmington, DE 19898. 

Attention Course Administrators 

I am a high school teacher interested in in¬ 
stituting a robotics course on the secondary 
school level. It is my intention to make students 
aware of the history and future of this fasci¬ 
nating field. I am convinced that through the 
design and construction stages of a working 
model, they will learn valuable lessons in the 
physical sciences. 

I would appreciate receiving any information 
from your readers which might relate to start¬ 


ing such a course. Any notes on successes or 
failures would be helpful. 

Edward J. Banas 
Old North Road 
RED #1 
Winsted, CT 06098 


Robot Interest Group 

I am in the process of forming an organiza¬ 
tion of people in the Dallas-Fort Worth area 
who share an interest in robotics. The organiza¬ 
tion will enable people involved in all aspects 
of robotics to exchange information and ideas. 
Those interested in both industrial and personal 
uses of robots will benefit Plans include month¬ 
ly general and specialized interest group meet¬ 
ings, a newsletter, and possibly a computer 
bulletin board. 

Our meeting schedule and location have not 
been finalized. Anyone interested in learning 
more can contact me at the following address. 

Joe S. Rowe 
405 Tiffany TVail 
Richardson, TX 75081 
(214) 690-1575 (Home) 
(214) 661-6428 (Business) 



Armatron and VIC 


I am a seventh grade student at St. Charles 
Middle School. Recently I entered a science fair 
project on an inexpensive computer-controlled 
robot. 

I used the Armatron robot sold by Radio 
Shack and made an electronic interface to a 
VlC-20 computer. 

Bearing blocks made of maple wood con¬ 
nected motor shafts to the gears inside the Ar¬ 
matron. Six motors were used to control the 
six different joints in the robot. A four-bit word 
from the VIC-20 port was decoded into 12 lines 
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of data; two lines were used to command for¬ 
ward and reverse to each motor. TVansistors were 
used as switches to power the motors with two 
6 V power supplies. The project was built for 
$60.00, including the $32.00 for the Armatron. 

I have won first place in my school science 
fair and received a special award from the Air 
Force I have also been chosen to represent my 
school at the Northwestern New Mexico Re¬ 
gional Science and Engineering Fair. 

Jimmy Banas 


Inquiry 

Number Company 

1 Advanced Analytics Tech. 
Corp., p.2 

2 Alron Corp., p. 38 

3 Amatrol, Inc., p. 12 

4 Amatrol, Inc., p. 13 

5 AMSI, p. 8 

6 Analog Micro Systems, p. 4 

7 Bahr Technologies, p. 38 

8 Buckminster Corp., p. 37 

9 Center Computer Con¬ 
sultants, p. 37 

10 Computer Shopper, p. 20 

11 Cyberpak, p. 39 

12 Cybot, p. 37 

13 D&M Computing, Inc., p. 6 

14 Emtrol, Inc., p. 37 

15 Imaging Technology, p. 11 

17 James E. lannoni & Assoc., 
p. 40 

18 Laboratory Microsystems, 
Inc., p. 19 

19 Light Machines Corp. p. 21 

20 Microbotics, p. 28 

21 Micromation, Inc., p. 15 

22 Micromint, Inc., p. 21 

23 Micron Technology, p. 14 

24 Midwest Sci-Tech, p. 39 

41 Motion Control Devices, p. 

29 

25 New Micros, Cov. Ill 

26 New Tech Promotions, p. 38 

* North American Tech., Inc., 
p. 41 

27 Northwest Computer 
Algorithms, p. 12 

16 Pacific Scientific, Cov. IV 

28 Personal Robotics 
Magazine, p. 40 

29 Personal Robotics News, 
p. 34 

30 Prep, Inc., p. 23 

31 Robotic Microsystems, p. 40 

* Robotics Age Back Issues, 
p. 27 

* Robotics Age Subscriptions, 
insert 

32 S. M. Robotics, p. 39 

33 Spectron Instrument, p. 39 

34 Synalta Systems, p. 40 

35 2500 A.D. Software, Inc., 
Cov. II, p. 1 

36 Vantec, p. 38 

37 Vernitech, p. 7 

38 Vernitech, p. 9 

39 Virtual Devices, p. 5 

40 The Wichita Group, Inc., 
p. 13 

* Correspond directly with company 
















PURE GENIUS. 

ljowG)st OEM Image fVocessors for Multi-Bus,Q-Busand IBM PC 


The IP-512 family of OEM image 
processing modules have set new 
standards with high performance 
features previously available only on 
systems costing much, much more. 

The IP-512 is a modular, real¬ 
time image processor that’s plug 
compatible with the INTEL 
MULTI-BUS and DEC Q-BUS. 

It interfaces with a standeird 
video source, stores images in single 
or multiple 512 x 512 frame buffers 
with up to 24 bits/pixel, and includes 
pipeline processing for real-time 
image averaging, summation, sub¬ 
traction, convolutions, histograms, feature list ex¬ 
traction, erosion and dilation. 



The modules contain program¬ 
mable I/O TVansformation Tables 
and provide for B&W and RGB 
output for full color processing. 

Applications include factory 
inspection, robotic vision, medical 
imaging, industrial radiography, 
teleconferencing, microscopy and 
image analysis, among others. 

Imaging 'Ifechnology also intro- 
duces PCVISION, a reS-time video 
RgP digitizer for the IBM PC. PCVISION 
allows OEMs to provide low-cost 
solutions for many applications 
requiring image processing. 

For details, c^ our Sales Department at 
(617) 938-8444. Or write to: 


IM/MHNG 

Imaging Tfechnology Incorporated, 600 West Cvunmings Park, Woburn MA 01801 Telex: 948263 

PCVISION is a trademark of Imaging Tfechnology Incorporated. MULTI-BUS is a trademark of INTEL Corporation. Q-BUS is a trademark of 
Digital Equipment Corporation. IBM PC is a trademark of IBM Corporation. Copyright © 1984 IMAGING TECHNOLOGY INCORPORATED. 
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UO-LISP 

A LISP Programming Environment 

An Excellent System for 
A.I., Robotics & Intelligent Systems 
An Optimizing Compiler and Assembler 

Documentation 
Comprehensive manual 
covering all aspects of the 
system. Numerous examples 
of each facility are included. 

Interpreter 
Over 125 functions 
implemented in 
the base interpreter. 
Additional Development and 
Example Software Available. 

Fast Load Libraries 

Compiled code can be stored in relocatable files. 
Requirements 

CP M System. Also available for TRS 80 Model I 
or Model III 48K dual disks. 

Ordering 

Systems Manual. $ 35.00 

Basic System. $100.00 

Development System . . $250.00 

VISA and Mastercard 

Please include expiration date and Card No. 

Write for your FREE copy of our catalog 

Northwest 

Computer Algorithms 

3405 Walnut Ave., Long Beach, California 90807 (213) 426-1893 



INDUSTRIAL TRAINING RODOT 



HYDRAULIC SERVO ROBOT 

The POLARIS is one of eight Industrial Performance 
Robots designed by Amatrol especially for training. Industrial 
grade electro hydraulic servo components and state-of-the- 
art robot controls give students real-life training in the 
classroom. 

The POLARIS with its competency-based courseware is an 
extension of the Amatrol Basic Hydraulics and Electrohy- 
draullc Servo programs allowing complete training from 
Basic Foundation Technology through Robotics. 


Write for More Information 


AMATROL 


P.O. Box 2097 Clarksville, IN 47131 812-288-8285 


_ Sensory _ 

Perceptions 

SHAPE MEMORY ALLOYS. In March, this column described a robot 
hand developed by Hitachi which used Shape Memory Alloy as the 
motive force. The response to that small description was enormous. 
As a result, the July issue of Robotics Age will describe the Hitachi grip¬ 
per and also discuss other uses of Shape Memory Alloys. For those 
readers who just cannot wait, you can reach Hitachi's consulting group 
at (212) 888-6996. If you are looking for additional information about 
Shape Memory Alloys, you might try Memory Metals, Inc. in Stamford, 
Connecticut. They can be reached at (203) 358-0437. 

COMPUTER MATH PRIZE. The Fredkin Foundation has announced 
it will award $100,000 for the first computer to make a major 
mathematical discovery. Carnegie-Mellon University has been named 
trustee of the “Fredkin Prize for Computer Discovery in Mathematics.” 
The prize will be awarded for a mathematical work of distinction in 
which some of the pivotal ideas have been found automatically by a 
computer program in which they were not initially implicit. Dr. Woody 
Bledsoe of the University of Tbxas at Austin will head a committee of 
experts who will define the rules of the competition. 

According to Dr. Bledsoe, the purpose of the prize is to “stimulate 
the use of computers in mathematical research and have a good long- 
range effect on all science.” The Fredkin Foundation gives a similar 
prize for a world champion computer chess system. Recently, $5,000 
was awarded to Ken Thompson and Joseph Condon, Bell Laboratories 
researchers who developed the first computer system to achieve a Master 
rating in tournament chess. 

MICHIGAN VISION. The Environmental Research Institute of 
Michigan (ERIM) a state-endorsed research institute in Ann Arbor, and 
Perceptron, The Machine Vision Company, have announced an agree¬ 
ment which will “enhance the ability of both organizations to provide 
state-of-the-art technology to machine vision and intelligent machine 
users.” 

Under an existing agreement, ERIM provides research and develop¬ 
ment to Perceptron in the area of cytocomputer technology, a form of 
image processing. The expanded contract will encompass sensor 
technology and algorithm development. In exchange, ERIM will receive 
a 5 percent equity position in Perceptron, a privately held corporation. 
Perceptron will also provide manufacturing support for certain advanced 
machine vision systems developed by ERIM. 

The new program will be administered by the Intelligent Machine 
Technology Group at ERIM, directed by C. W. Swonger. Formerly vice 
president of research and development at Perceptron, Mr. Swonger is 
a nationally recognized expert in the development of computer-based 
systems for automatic image processing. 

PARTS SOURCE. If you’re looking for an inexpensive source for ex¬ 
perimental robot parts, consider Herbach & Rademan, Inc. Their 
32-page catalog, published seven times a year, is packed with items which 
will delight the experimentalist. One of their biggest sellers is a motorized 
wheel, which they have sold for years. The catalog also contains motors 
of all types, sensors, switches, relays, actuators, bells and whistles. And 
if after construction your robot is wounded, they even have a Purple 
Heart box which you can award your mechanical creation. Write for 
their latest catalog at: Herbach & Rademan, Inc., 401 East Erie Ave., 
Philadelphia, PA 19134. 

FLAT LITHIUM BATTERY. Polaroid Corporation has announced the 
P500 Lithium Power Pack. Dimensionally identical to the Polaroid PlOO 
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_ Sensory _ 

Perceptions 

Battery, the battery used in Polaroid cameras, the 6 V Lithium Power 
Pack features high-energy density, high capacity, a flat discharge pro¬ 
file, and an anticipated shelf life of over five years. The Lithium battery 
generates 6 V at up to 150 mA continuous drain. The P500 offers up 
to 1330 mAH of power. 

If you wish to evaluate the P500 Lithium Power Pack for your ap¬ 
plications, Polaroid offers a kit for $22.50 (#606166) which provides 
two P500 batteries and a molded battery holder. You can obtain more 
information from Polaroid Corporation, 784 Memorial Drive, Cambridge, 
MA 02139. 

FROM ACCURACY TO ZERO POINT. The Robot Institute of America 
has published a glossary of robotics definitions. The 74-page pocket- 
sized RIA Robotics Glossary provides definitions of terms commonly 
used in robot product literature, sales presentations, and technical 
meetings. The glossary is available for $9.00 from The Robot Institute 
of America, One SME Drive, PO Box 1366, Dearborn, MI 48121. 

ROBOT CHAMPIONSHIP. On June 15 and 16, the Robotics Cham¬ 
pionship of the Southeast will be held at the Science Museum and 
Planetarium in Palm Beach, Florida. High school and undergraduate 
college students are invited to enter. Financial support and total cash 
prizes in excess of $4,500 will be awarded. 

The championship is divided into three categories. The high school 
category includes robots of any type. Judging will be subjective and based 
on originality of design, utility, quality of workmanship, and aesthetics. 
College category A requires a robot arm, mounted on a fixed platform, 
to pick up a filled, open, aluminum soft drink can and pour the con¬ 
tents of the can into a glass. College category B requires a mobile robot 
to find its way through an unknown maze with no external direction 
other than a command to start. 

For more information contact The Science Museum, 4801 Dreher 
TVail, West Palm Beach, FL 33405. 

AROUND AND AROUND THEY GO. According to a report by In¬ 
ternational Resource Development, Inc., new developments in 
gyroscopes and inertial positioning devices have reached the point that 
industrial robots will soon be equipped with them. The inertial guidance 
equipment will enable the robot to know where it is at all times, and 
thus be able to work in a much more versatile manner than today’s 
bolted-down industrial robots. Coupled with vision and collision- 
avoidance electronics, the robot will be able to wander around the fac¬ 
tory, attending to a variety of welding, painting, and machining tasks. 

CONFERENCE PROCEEDINGS. The Conference on Robotic In¬ 
telligence and Productivity held at Wayne State University brought 
together experts in the robotics field, both from industry and academia. 
The focus was on the current robotics development and future direc¬ 
tions that would enhance productivity. Keynote speakers ranged from 
Mr. L. R. Ross, Executive Vice President of Ford Motor Company, to 
Dr. Ernest Kent of the National Bureau of Standards. Conference paper 
themes included: sensors and future robot control systems, robotic in¬ 
telligence and computer-integrated manufacturing, productivity via in¬ 
telligent robotic systems, structural aspects of robot performance, robotic 
languages, force feedback control with pattern recognition techniques, 
machine vision research, and mobile robots in productivity. 

The 225-page conference proceedings, priced at $30, can be obtained 
from the Department of Electrical and Computer Engineering, Wayne 
State University, Detroit, MI 48202. 


1984 Kansas Computer Exhibition 


ROBOTICS 

CONFERENCE 


June 8th & 9th, 1984 
Century II Convention Center 
Wichita, Kansas 

The Wichita Group, Inc. 

P.O. Box 47186 
Wichita, Kansas 67201 
[316] 269-1022 

ROBOTICS CONFERENCE SCHEOULE 


Friday, June 8, 1984 

2:00 p.m. Conference Opening 

• "Robotics Applications on 
Earth and in Space" 

Ken Fernandez - National 
Aeronautics & Space 
Administration 

Saturday, June 9, 1984 

9:00 a.m. Registration 
10:00 a.m. Overview 

Carl T. Helmers. Jr. - Publisher 
Robotics Age Magazine 

• "Industrial Robots and 
their Applications" 

FVof. A. Richard Graham - 
Wichita State University Dept, of 
Mechanical Engmeenng 

e "A Human-Engineered Robot 
for the Home" 

Joseph H. Bosworth - President 
RB Robot Corp,. Golden, Colo. 


12:30- 

1:30 p.m. Lunch Break 


e "The Future of Robotice 
in Agriculture" 

Dr G F Miles - Purdue University 
Dept, of Agricultural Engineering 
e "Computer Applications in 
Agricultural Machinery" 

Asst. Prof. Mark Schruck 
Kansas State University Dept, of 
Agricultural Engineering 
e "Robotics and Automated 
Manufacturing" 

Steve Purdy - Fared Robot 
Systems. Denver. Cdo. 
e "Bpeech Recognition, 
Bynthesis and Robotics 
Interfacing" 

Don Thomas - Boeing Military 
Airplane Company 

e "The Evolution in Automation" 

Videotape - Robotics International 
of SME 



THE MERCURY 


WRITE FOR MORE INFORMATION 


AMATROL 


P.O. Box 2097 Clarksville, IN 47131 (812) 288-8285 


PNEUMATIC TRAIIIHG ROBOT 

The MERCURY is the newest in a line of eight Industrial- 
Performance Robots designed especially for training. The 
penumatic-powered unit is available with a variety of grippers and 
can be mounted on any flat surface or on the Amatrol Pneumatic 
Training Bench. 

The MERCURY with its competency-based courseware is an 
extension of the Amatrol Basic and Advanced Pneumatic Pro¬ 
grams allowing complete training from Basic Foundation 
Technology through Robotics. 
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Perceptions 

WHAT JAPANESE INVASION? RB Robot Corp. has reached an agree¬ 
ment for exclusive distribution of the RBSX'^'^ robot in Japan. 
Kitagawa Joho Kiki Co., Ltd., a 42-year-old electronics distributor based 
in Osaka, Japan, has committed to $744,000 in orders for the RB5X 
personal robots, robotic arms, voice/sound synthesis options, 
preprogrammed software modules, and other RB5X accessories. In ad¬ 
dition to carrying the RB5X, Kitagawa Joho Kiki is the exclusive 
Japanese distributor for NBI word processors, Cado Systems, and 
Hermes computers and word processors. 

DYNAMIC DESIGN. Large-displacement dynamics software has filled 
an important gap in design analysis by determining displacements and 
reaction forces of mechanical systems driven into nonlinear regions. 
Up to now, however, the process has been slowed by the need to enter 
geometric, constraint, and forcing data by hand. The increasing populari¬ 
ty of large-displacement dynamics is attracting the attention of turnkey 
CAD suppliers who are creating interfece software to integrate the simula¬ 
tions into their systems. 

Intergraph Corporation has produced large-displacement software that 
works with Mechanical Dynamics’ ADAMS and DRAM programs. These 
programs operate through a preprocessor and other interfacing routines 
in Intergraph’s Mechanism Element Modeling System (MEMS). The in¬ 
tegrated programs provide designers with the ability to determine 
displacements and reaction forces of mechanisms under real-world 
operating conditions. This is accomplished without the linearity assump¬ 


tion inherent in modal analysis and related dynamics techniques, thus 
allowing the application of large forces that drive the analysis well into 
the nonlinear domain and have discontinuous effects. 

Mechanical Dynamics can be reached at 555 South Forest, Ann Ar¬ 
bor, Ml 48104. 

HAVE YOU THANKED YOUR ROBOT TODAY? A study by Strategic 
Inc. of the management implications of robots indicates that the in¬ 
creased usage of robots in Japanese factories has improved workers’ 
attitudes. This has resulted in better quality work and greater contribu¬ 
tions from workers. The effects of robots were found to be pervasive 
throughout the companies studied, resulting in greater efficiency, im¬ 
proved product quality, less rework, reductions in inventory requirements, 
more flexibility in responding to market requirements, better worker 
safety, and better retum-on-investment The report ascribes the favorable 
reception to special efforts on the part of management to ensure a 
positive reception for robots on the factory floor. 

Strategic, Inc. can be reached at PO Box 9747, San Jose, CA 95157. 

TAKE THIS SYSTEM FOR A SPIN. Robotic Vision Systems, Inc. has 
received a cost-plus-fixed-fee contract for approximately $2,492,000 from 
the Department of the Navy for delivery of a propeller manufacturing 
and repair system. The three-dimensional vision-guided propeller in¬ 
spection system will be the third of its kind constructed by the com¬ 
pany and will integrate its inspection capability with robotic welding 
and grinding-related operations to form a large-scale, fully-integrated 
flexible propeller manufacturing cell. Robotic Vision Systems, Inc. is 
principally engaged in the development and manufacturing of three- 
dimensional sensor-based intelligent robotic and inspection systems for 
industrial and military purposes. They can be reached at 425 Rabro 
Drive East, Hauppauge, NY 11788. 


Now Your Computer 
Can See! 


“The MicronEye'S'camera is an ex¬ 
tremely versatile image-sensing device 
that can be used in many personal, scien¬ 
tific, or industrial applications. The unit’s 
cost makes it particularly attractive.” 

Chris Weiland 
’’BYTE ' Oct. '83 

“Plug it in. turn it on. and you have 
pictures on your screen. ” 

Ben Dunnington 
• lNFO-64 

“Strongly recommend the Micron- 
Eye to anyone working with computer 
vision. ” 

Mike Rigsby 
“Color Computer” Nov. '83 

”... well engineered, superbly doc¬ 
umented. crawling with support soft¬ 
ware.” 

Steve Rimmer 
■‘Computing NOW!" Sept. ’83 

The MicronEye is a complete plug- 
and-go vision system for your computer. 

This unique product includes all the 
software and hardware necessary to al¬ 
low' your computer to see. 


Images can be stored in your com¬ 
puter’s memory, enabling the computer 
to store, retrieve, print, analyze and ma¬ 
nipulate what it sees. 

The MicronEye has selectable reso¬ 
lution modes of 256 x 128 and 128 x 
with an operating speed of up to 15 im¬ 
ages per second in the lower resolution 
mode. 

The MicronEye is designed around 
a revolutionary new' micro-chip (created 
and manufactured by Micron Technolo¬ 
gy) that can see — the 1532 OpticRAM® 
image sensor. 

The OpticRAM automatically digi¬ 
tizes the image to 1 ’s and O’s. Multiple 
scans of the same image using different 
exposure times allow the MicronEye to 
see shades of grey. 

The MicronEye can be used for 
graphics input, robotics, digitizing, text 
and pattern recognition, security, auto¬ 
mated process control, and much. much, 
more. 

Give your computer the ability to see 
with the MicronEye from Micron Tech¬ 
nology. Inc. 


$295 


MicronEye versions currently available for 
the Apple II -I- . Apple He. IBM PC. Commodore 
()4. and the TRS-80 Color Computer. (RS-232 
version information available upon request.) 

Complete MicronEye system $295. Please in¬ 
clude $8.00 for shipping and handling (Federal Ex¬ 
press Standard Air). Sales tax required for 
residents of AK. AZ, CA. CO. CT. FL. GA. lA. 
ID. IL. IN. LA. MA, MD. ME. MI. MN. NC. NE. 
NJ. NY. OH. PA. SC. TN. TX. UT. VA. VT. 
WA. WI 


ICRON 

TECHNOLOGY INC 

2805 East Columbia Road 
Boise, Idaho 83706 
(208) 3834106 
mx 910-970-5973 





MicronEye “Bullet” 
CAMERA 


Apple. IBM PC. Commodore 64. and TRS 80 Color Computer are trademarks of Apple Computer Inc.. International Business Machines. Commodore Corporation and Tandy Corporation respectively. 
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PERSONAL ROBOTS 

Peripherals and software for Personal Robots 


MICROMATION proudly presents a peripheral for HEATHKIT’S® HERO-1 robot which elevates the robot to a new level of sophistication. We 
call this peripheral a Voice Command System (or VCS) because it not only consists of a Voice Recognizer (VOREC), but also an advanced level 
machine Voice Command Language (VOCOL) program for the robot which allows you to program robot movements by voice. Highlights of 
these two important parts of the VCS are described below. 


VOICE COMMAND SYSTEM FOR HERO 


VOREC* 

VOREC is a powerful, microprocessor controlled, speech recogni¬ 
tion board which mounts next to, and interfaces with, our HERO MEM- 
COM BOARD. VOREC has the following features and specifications: 

• Speaker-dependent recognizer with nearly instantaneous word recogni¬ 
tion rates. 

• Recognition accuracy about 98%. 

• Vocabulary of up to 256 words (stored as 16 word groups with 16 
words in each group for greater recognition accuracy). 

• I6K of onboard static RAM of which I4K is battery backed to retain 
recognized word parameters during power down. 

• RS232 port for receiving commands from, and reporting status and 
words recognized to, the host (HERO). 

• Requires only an external speaker for audio input rather than a 
microphone. (Allows robot to receive commands from up to 15 feet 
away.) 

• Utilizes high speed (HC) CMOS chips and the new CMOS 65C02 
microprocessor for ultra low power consumption. Complete board con¬ 
sumes an incredibly low 45 ma while active and I ma when inactive. 

• Speech recognition is accomplished by a software algorithm contain¬ 
ed in a 2K EPROM. (Future product updates will require only replace¬ 
ment of this EPROM.) 

• COMPATIBLE WITH ALL PERSONAL COMPUTERS 


VOCOL 

The VOCOL software is more amazing than the voice recognition 
hardware. VOCOL is a high level language for the robot which sup¬ 
ports both deferred and immediate execution modes. The only difference 
is in BASIC you “write it,” and in VOCOL you “speak it.” The soft¬ 
ware is provided on an EPROM which plugs into a memory socket on 
our HERO MEMCOM BOARD. VOCOL has the following principal 
features: 

• When first run, the robot talks you through a voice training session. 

• Following this training session, you can talk In a program of movements 
for later execution, or command immediate movement by voice. 

• The robot prompts you for a command and when received, repeats 
it for verification. If verified and in the immediate execution mode, the 
robot will execute the movement. If in the deferred execution mode, 
the robot proceeds to write a machine language program in Its memory 
for later execution. When your program of movements Is complete, 
you signify this with a spoken “STOP” command. A spoken “GO” com¬ 
mand will then cause the robot to execute the program It wrote in 
memory. After execution, the robot returns to the command mode. 

• Complete instructions and installation manual. 


The Voice Command System manual contains a complete description of how to use the VOREC board under program control from HERO. 
The 6808 Source Code for VOCOL is available on an APPLE DOS 3.3 disk. This source code is compatible with the SC-6800 CROSS ASSEMBLER. 

TOTAL SYSTEM PRICE: $595.00 

VOICE COMMAND SYSTEM WITH MEMCOM BOARD: $920.00 


HERO MEMCOM BOARD* 


APPLE-HERO COMMUNICATOR 


The MEMCOM board provides a means to develop programs for the 
robot using a personal computer, expanding the robot’s memory with 
an additional 30K of RAM. The MEMCOM board includes: 

• Two 8-bit bi-directional parallel ports with handshaking lines for super¬ 
fast data transfers between the robot and a computer, plus two 16-bit 
timers. 

• An RS232 serial port for two-way communications between the robot 
and any computer having an RS232 serial port. 

• Serial communications software in an onboard EPROM which allows 
uploading/downloading of programs via the serial port. 

• Sixteen 2K RAM chips in sockets so 2K EPROM chips may be 
substituted, if desired. “Memory Protect” and “RAM Supply” are used 
for each RAM chip so programs will not be lost when robot enters 
“sleep” mode. 

• A large (2"x 5") wire-wrap area with CPU address, data and control 
lines, ± 5V, ground, and others readily available. All hardware and cables 
necessary to mount board on rear door of robot and connect board 
to the robot’s CPU board. 

• Complete instruction manual and schematics. 

• COMPATIBLE WITH ALL PERSONAL COMPUTERS 

PRICE: $345.00 


The Communicator board provides the hardware and software 
necessary to implement two-way high speed parallel communication be¬ 
tween an APPLE® computer and a HERO-1 robot equipped with our 
HERO MEMCOM board. The Communicator board includes: 

• A peripheral card for an APPLE that contains two 8-bit parallel ports 
with handshaking lines, and two 16-bit timers. 

• A ribbon cable assembly (5 feet long) for connecting the parallel ports 
on the card to those on the HERO MEMCOM board. 

• Data transfer software for the communicator board and for the HERO 
MEMCOM board burned into two 2716 EPROMS. These programs pro¬ 
vide ultra fast two-way communications. 

• A disk containing heavily commented 6808 and 6502 source codes 
for the communications software. These source codes are compatible 
with the S-C MACRO ASSEMBLER and the S-C 6800 CROSS 
ASSEMBLER available for the APPLE from the S-C SOFTWARE COR¬ 
PORATION or MICROMATION. Programs developed using the S-C 
6800 CROSS ASSEMBLER can be Immediately downloaded and run on 
the robot using this product and our HERO MEMCOM board. The 
S-C MACRO ASSEMBLER and 6800 CROSS ASSEMBLER are required 
when using this disk. 


Hero is the trademark of Heath Co. 

Apple is the trademark of Apple Computer Inc. 


PRICE: $159.00 



MICROMATION INC. 


9104 Reel Branch Rd. 
Columbia, MD 21045 

(301) 730-1237 


Call or write for information about these 
and other products. 

MasterCard/Visa/Check/Money Order 
Add $3 for shipping 
Allow 3 weeks for delivery 
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Numorical Control 
Programming 


Bruce Olsen 
President 

Light Machines Corporation 
649 E. Industrial Drive 
Manchester, NH 03103 


One of the more influential 
developments leading to the current use 
of robotics was the introduction of numer¬ 
ically controlled machinery. Numerical 
control is defined as the use of numbers 
to control a process. It has evolved from 
such simple systems as the player piano, 
introduced in the 19th century, to a highly 
sophisticated system for automated manu¬ 
facturing. Among the machines frequent¬ 
ly controlled numerically are those for drill¬ 
ing and boring, welding, grinding, turning, 
milling, cutting, packaging, punching, 
stitching, typesetting, laser machining, and 
electrical discharge machining. 

This article presents an overview of 
numerical control programming tech¬ 
niques and languages, their origin, de¬ 
velopment, current state, and future trends. 


_HISTORY_ 

Early simple devices aside, numerical con¬ 
trol really began at the Massachusetts In¬ 
stitute of Technology in the early 1950s. 
In 1952 the MIT servomechanisms 
laboratory introduced the first three-axis, 
tape-driven numerically controlled milling 
machine, which was retrofitted to a Cin¬ 
cinnati Hydro-tel. In 1957, industry in¬ 
stalled the first NC machines, and by 1960, 
NC machines were widely available in 
point-to-point drill positioning applica¬ 
tions. At the time, users programmed each 
machine instruction. From 1955 to 1960, 
MIT researchers developed a computer- 
assisted part programming language call- 
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ed Automatically Programmed Tools or 
APT. The programs were written on a large 
computer, and the instructions were stored 
on paper tape for transfer to the machine 
tools. During the 1960s and early 1970s, 
the emphasis was on direct numerical con¬ 
trol (DNC), in which one large computer 
directly controlled the operation of many 
machines, thus eliminating the need for 
paper tape. This also helped monitor the 
manufacturing process. 

The advent of the microprocessor in the 
1970s resulted in an emphasis on com¬ 
puter numerical control or CNC, where a 
dedicated, stored-program computer per¬ 
formed all the control functions. These first 
CNC systems were packaged with the 
machine tool as well as retrofit kits for 
older machines. Computer-aided design 
(CAD) systems were developed in the late 
1970s with numerical control program¬ 
ming capabilities. By the end of the 
decade, more than 60,000 numerically 
controlled machines were in use in the 
United States alone. In the last ten years, 
some of the first fully automated factories 
using robots, NC machine tools, and super¬ 
visory control systems began operation. 
Numerical control is a growing field with 
rapidly occurring advances in graphics, 
low-cost personal computing systems, and 
sensory technology. 


_BASIC CONCEPTS_ 

NC programming is based on motion 
within a coordinate system. Most NC 


machine tools use the Cartesian coordinate 
system for specifying locations. Figure 1 
shows sets of axes for a milling machine 
and lathe. There are new machines that 
may be programmed in polar coordinates 
as well. The coordinates in an NC program 
specify the destination of a particular mo¬ 
tion given in absolute or incremental form. 
Absolute coordinates are located relative 
to a set position on the machine which, 
in most cases, is programmed by the 
operator. Incremental coordinates are 
located relative to the current position of 
the machine. Figure 2 is an example of the 
coordinates given in both absolute and in¬ 
cremental positioning. 

NC control systems are often categoriz¬ 
ed by the path the tool takes between two 
specified locations. In the early days of 
numerical control, many systems were 
point-to-point or FTP. These systems move 
from one point to another but the path 
between these points is unspecified. This 
technique is useful for positioning a drill 
bit, but not for contour milling operations. 
Contouring systems control both the posi¬ 
tioning and relative velocities of the axes. 
Hence, the path in between the locations 
can be specified. 

Figure 3 shows two tool paths with the 
same beginning and ending coordinates, 
one with PTP control and one with linear 
interpolation contouring control. Topical¬ 
ly, contouring control uses linear or cir¬ 
cular interpolation to specify paths, 
although some machines allow parabolic 
and other forms of interpolation. In each 











Figure 1. Axis orientations for a lathe and milling machine. 
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Figure 2. An example diagram comparing incremental 
and absolute positioning. Incremental positioning 
always bases the next move on the current position. 
Absolute positioning always moves to the specified 
XY coordinates. 



Figure 3. Comparison of point-to-point (FTP) versus 
linceu: interpolation paths. The point-to-point method 
does not specify the path taken between two points; 
linear interpolation defines the precise path taken be¬ 
tween two points. 


case, the path the tool takes can be 
specified in the same program line as the 
location to which it is moved. 

Several types of media are used to store 
NC part programs. To date, the most com¬ 
monly used medium has been the paper 
tape, which can be encoded in either EIA 
(Electronics Industries Association) or 
ASCII (American Standard Code for Infor¬ 
mation Interchange) standard tape format. 
There are two reasons why paper tape is 
still in common use, even though better 
forms of storage exist First, there is a large 
installed base of tape-operated systems, so 
the availability of tape input on new 
machines maintains conformity within a 
shop. Second, paper tape is relatively resis¬ 
tant to damage within a dirty shop 
environment 

Magnetic tapes in cassette and reel form 
are also used, as well as floppy disks, which 
are used to an even lesser degree. Some 
manufacturers use bubble memory for 
storage and forms of solid-state memory 
like this will probably become even more 
popular. 


_NC PROGRAMMING_ 

There are basically two forms of NC pro¬ 
gramming, manual part programming and 
computer-assisted part programming. In 
manual part programming, the operator 
writes a set of program statements, which 
run the machine at about the same level 
as a set of instructions given to a machinist 


performing the same task on a manually 
operated machine tool. The program 
statements (blocks) set up the coordinate 
system, the destination of the motion, and 
the feedrates and speeds for the machine 
in this motion. 

Computer-assisted part programming 
uses a general-purpose computer to 
automatically prepare a manual part pro¬ 
gram. This is accomplished by defining the 
part geometrically and using simple com¬ 
mands to describe the tool path. 
Computer-assisted part programming can 
reduce programming time since the com¬ 
puter prepares the instructions for the 
machine tool. 


MANUAL PART PROGRAMMING 

The term manual part programming is 
left over from the days when paper tapes 
were prepared on a teletypewriter machine 
with no editing or computer assistance in 
the part programming. The advent of CNC 
allows programs to be prepared and edited 
in the controller memory. In both cases, 
the code is written in a form that can be 
transferred to and from paper tapes. Most 
NC machines work on a Cartesian coor¬ 
dinate system. A line of NC code, called 
a block, consists of a sequence number, 
preparatory codes for setting up the 
machine at this step, the coordinates for 
the destination, and additional commands, 
such as the feedrate to be used during the 
motion. A typical program block, using the 
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Figure 4. Sample manual part program to mill a 1/8 in. slot along the path given by the quarter circle shown. 


word-address format (the most commonly 
used format), might look as follows: 

N5G01G91X.25Y3.1Z2.2F2 

In this particular example, the N in¬ 
dicates the step or sequence number (5). 
There are two preparatory commands: GOl 
indicates linear interpolation, and G91 
specifies that the given coordinates are in¬ 
cremental or relative to the current 
machine position. The destination is given 
by the coordinates in inches; X, Y, and Z. 
The last command in this sequence is F, 
the feedrate in inches per minute. (Units 
may change from machine to machine.) 
Each block is terminated with a carriage 
return, sometimes designated explicitly by 
EOB. 

The EIA uses a standard (RS-274D) for 
the block format which lists the various 
assigned G codes and M codes and the for¬ 
mat for each block of information. A par¬ 
tial list of these codes and their functions 
is given in table 1. 

The following program is a good exam¬ 
ple of how users can write their own NC 
programs. This program mills a 1/8 in. slot 
along the path given by the quarter circle 
shown in figure 4 with a two-axis miller. 


left comer of the part at location 0,0. The 
tool moves to that location at a feedrate 
of two inches per minute. The initial line 
of code is: 

N1G01G90X0Y0F2 

The tool proceeds next to 1,0 at a 
feedrate of one inch per minute. 

N2X1Y0F1 

The cutting tool moves along an arc with 
a radius of one inch to 1,0 in a counter¬ 
clockwise direction at the same feedrate. 


In this block, G03 stands for circular in¬ 
terpolation, counterclockwise direction, 
and the I and J coordinates stand for the 
distance from the center of the circle to 
the start point of motion. 

N3G03X0Y1IU0F1 

The cutter completes the motion by 
moving back to 0,0 at a feedrate of three 
inches per minute. To end the program, 
the miscellaneous function M02 is used. 

N4G01X0Y0F3M02 

That was easy. But things sometimes get 
complicated when you want to mill the 
center of this quarter circle with an 1/8 in. 
diameter end mill. A diagram of the tool 
path is shown in figure 5 and the 
associated NC part program is shown in 
listing 1. Ignore the fact that sharp comers 
cannot be milled. Many blocks are written 
to remove the material in the middle, and 
the path of the cutter must compensate for 
its diameter. Manual part programming re¬ 
quires that all these paths be calculated 
and written in the same manner as the 
code above. Because of this complexity, 
CNC machines were improved to allow for 
manual data input (MDI) and computer- 
assisted part programming was developed 
to aid in the part programming process. 

Some numerically controlled machines 
allow for the program to be entered directly 
at the machine console. These are called 
manual data input systems. These systems 
contain preprogrammed routines for 
pocket milling, roughing cuts, and other 
more complicated operations to reduce the 
number of blocks that the operator must 
enter explicitly. Video dislays are often used 
for interactive graphic display of the tool 
path and menu-driven prompting during 


Preparatory Functions (G-Codes) 

Code 

Function 

GOO 

rapid traverse 

GOl 

linear interpolation 

G02 

circular interpolation—cw 

G03 

circular interpolation—ccw 

G04 

dwell, length expressed in X or F word 

G08 

accelerate 

GOO 

decelerate 

G33-G35 

thread cutting 

G40-G44 

cutter compensation and offset 

G70 

inch programming 

G71 

metric programming 

GOO 

absolute coordinates 

GOl 

incremental coordinates 


Misceiianeous Functions (M-Codes) 

MOO 

stop machine until operator restart 

M02 

end of program 

M03 

start spindle—cw 

M04 

start spindle—ccw 

M05 

stop spindle 

M06 

tool change 

M07 

coolant on 

M09 

coolant off 

M10 

clamp workpiece 

M11 

unclamp workpiece 

M30 

end program and rewind tape 


l^ble 1. Some commonly used G-codes and M-codes. 
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Figure 5. The tool path for a pocket milling example with manual part programming. 


N10G01G90X.0625Y-0625F1.5 

N20X.9375Y.0625E1 

N30G03X.0625Y.9375I.9375J.0625F1 

N40G01X.0625Y.0625F1.5 

N50X.1509Y.1509 

N60X.8491Y.1509 

N70G03X.1509Y.84911-8491J.1509F1 
N80G01X.1509Y.1509F1.5 
N90X.2393Y.2393 
N100X.7607Y.2393 

N110G03X.2393Y.7607I.7607J.2393F1 
N120G01X.2393Y.2393F1.5 
N130X.3277Y.3277 
N140X-6723Y.3277 

N150G03X.3277Y.6723I.6723J.3277F1 

N160G01X.3277Y.3277F1-5 

N170X.4161Y.4161 

N180X.5839Y.4161 

N190G03X.4161Y.5839I.5839J.4161F1 

N200Q01X.4161Y.4161F1.5 

N210X.5045Y.5045M02 


Listing 1. Manual part program for figure 5. 


a programming session. Programming is 
much simpler using these programs be¬ 
cause users enter the part dimensions 
directly and the program then accounts for 
tool dimensions to determine the tool path. 


COMPUTER-ASSISTED PART PROGRAMMING 

The above approach to NC machining 
becomes tedious and complicated when a 
large number of different parts must be 
machined using numerous redundant 
operations, or when different machines in 
the same shop must be used. This is when 
computer-assisted part programming is 
useful. 

Computer-assisted part programming 
reduces machine programming time and 
improves the use of machine tools, by us¬ 
ing a general-purpose computer to prepare 


instructions for a numerically controlled 
machine. These programs are divided in¬ 
to two parts: defining the workpiece 
geometry and specifying the tool path and 
machine operations. Programming lan¬ 


guages developed for this task include 
APT, COMPACT II, SPLIT, ADAPT, 
UNIAPT, and GENESIS II. 

To illustrate this approach, the slot that 
was milled in the discussion above will be 
described using APT (Automatically Pro¬ 
grammed Tools), the first and probably 
most commonly used program. The stan¬ 
dard for its format is ANSI X3.37. 

Figure 6 shows the first pass of the miller 
in figure 5 that will be described using 
APT. First, the machine must be selected. 
Next, the part’s geometry will be defined. 
The points and lines of this definition are 
shown in figure 6. Finally, the tool path will 
be defined and is described as shown in 
listing 2. 

The tool path can best be described by 
imagining the lines and circle as picket 
fences. Imagine you are the tool. You start 
from PO, (FROM/PO), and walk to the in¬ 
tersection of the two fences, LN2 and LNl, 
on the plane PLl: (GO/TO,LN2mPUm 
LNl). You are now standing to the left of 
fence LN2: (TLLFT). You go left along the 
fence, LNl, until you reach fence Cl: 
(GOLEFVLNimCl). Next you turn left 


TOTAL control: 

FORTH: FOR Z-8(F, 8086, 68000, and IBM® PC 

Complies with the New 83-Standard 

GRAPHICS* GAMES* COMMUNICATIONS• ROBOTICS 
DATA ACQUISITION * PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver¬ 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc¬ 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap¬ 
plications on most microprocessors. 

Trademarks; IBM. International Business Machines 
Corp.; CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN. Laboratory Microsystems. Inc. 


FORTH Application Development Systems 

include interpreter/compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities and 200 page 
manual. Standard random access files used for 
screen storage, extensions provided for access to 
all operating system functions. 

Z-80 FORTH for CP/M® 2.2 or MP/M II. $100.00; 
8080 FORTH for CP/M 2.2 or MP/M II. $100.00: 
8086 FORTH for CP/M-86 or MS-DOS. $100.00; 
PC/FORTH for PC-DOS, CP/M-86, or CCPM, 
$100.00; 68000 FORTH for CP/M-68K. $250.00. 

FORTH -F Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH -F $250.00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH-F for CP/M-68K $400.00 

Extension Packages available include; soft¬ 
ware floating point, cross compilers, INTEL 

8087 support, AMD 9511 support, advanced col¬ 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 



Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to (213) 306-7412 
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APT Example 


Describe machine type and tool 
diameter 


describe part 9 eometry 


start machine up 


direct tool around toolpath 


shut down machine 


Listing 2. Sample APT program. 

and follow along the circular fence Cl un¬ 
til you reach fence LN2: (GLFT/LN2,TO, 
LNl). You turn left and follow fence LN2 
until you arrive back at the intersection of 
fences LNl and LN2: (GLFI7LN2mLNl). 
Finally, you trudge back to PO: (GOTO PO), 


PARTNO/QUARTERCIRCLE 
MACHIN/MILL 
CUTTER/.125 

P0=P0INT/0.25,0.5,0.0 
Pl=P0INT/0-0,0.0,0.0 
P2=P0INT/1.0,0.0,0.0 
P3=P0INT/0.0,1.0,0.0 
LN1=LINE/P1,P2 
LN2=LINE/P1,P3 

Cl=CIRCLE/CENTER,PI,RADIUS,1.0 
PL1=PLANE/P1,P2,P3 

SPINDL/1000 

COOLNT/ON 

EEEDRAT/2.0 

FROM/PO 

TLLFT,G0/T0,LN2,T0,PL1,T0,LN1 

G0LFT/LN1,T0,C1 

GOLFT/Cl,T0,LN2 

G0LFT/LN2,T0,LN1 

GOTO/PO 


COOLNT/OFF 

END 

REWIND/1 

FINI 


There are canned routines in APT and 
other languages for pocket milling and 
roughing cuts, sometimes called area 
clearance programming. These can be 
used to create programs like that shown 
in listing 1 in a few program steps. 



Figure 6. The APT command codes shown in this 
diagram mill the inside of a 1/8 in. slot inside the 
quarter circle shown. 

The computer-assisted part program 
takes the user’s input and creates a file, 
sometimes called a CL (centerline) file, 
which represents the tool path of a general 
machine tool. Next, a postprocessor 
generates the manual part program for the 
specific tool involved. The postprocessor 
also includes the limitations and special 
functions of this specific machine tool. 

Computer-aided design (CAD) can be 
used in conjunction with the computer 
assisted parts programming by a shared 
data base in the workpiece geometry. The 
power of CAD systems is evident in their 
ability to use interactive graphics to rapid¬ 
ly create data bases that describe the 
geometry of a part. The data bases can also 
be used for engineering analysis and 
geometric modeling. Sometimes, the tool 
path can also be entered graphically on a 
CAD system. The output of a CAD system 
would be a CL file, or if a postprocessor 
were included, a manual instruction file. 

Some limited capability CAD-like 
systems function as dedicated NC part pro¬ 
gramming systems. These systems use the 
programming and graphics of computer- 
aided design at a fraction of the cost of a 
complete system. They also use conversa¬ 
tional prompting for each program entry. 


_FUTURE TRENDS_ 

NC technology has seen tremendous im¬ 
provements in the last few years; a trend 
that will undoubtedly continue. The 
microcomputer is already in the hearts of 
many CNC systems, but its impact is Just 
beginning to be felt. Numerical control 
part programming languages are often 
memory-intensive; some versions of APT 
require 256 Kbytes of memory or more. In 



If you’re a personal 
computer nut... 

YOU'RE NUTS IF 
YOU OON'T REAO 
COMPUTER 
SHOPPER 


For $15 you’ll have a whole year’s subscription to the big 
(tabloid-size) newsmagazine jam-packed with ads and articles 
about — 

• every brand of personal computer • programs (games, 
business, educational) • printers and accessories • everything 
else you can think of 

Thousands of ads in every issue! You’ll save the cost of your 
subscription ten times over as you buy name-brand hardware and 
software far below retail price. Hard-nosed reviews give you hard- 
boiled opinions on what’s good and what’s not. 

MONEY BACK IF YOU DECIDE TO CANCEL 
AFTER YOU’VE READ YOUR FIRST ISSUE. 

Hurry! We can’t hold this subscriotion price fl 32780 

forever. (Regular newsstand price is $ 1.95 per Fo°fastest service use Master- 
copy — at $15 a year you save $ 8 , 401 ). card or visa, can 305-269-3211 
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the past, this would have required the use 
of an expensive minicomputer system, but 
advances in memory technology have made 
personal computers with this amount of 
memory available at a reasonable cost. In 
the future, entire CAD/CAM systems for 
small shops may be based on a computer 
system of this type. Low-cost CAD systems 
sell at prices from $20,000 to $50,000. As 
the technology matures, prices will be even 
lower and capabilities will increase. 

Another area of interest for the future 
is sensory capability. Limited capability for 
adaptive control, in which the machine 
automatically accounts for tool wear and 
other factors, is presently available on 
some systems. The major limitation is the 
lack of low-cost, reliable sensors to monitor 
machine performance. As these sensors 
become available, more software will be 
developed both for adaptive control and 
for diagnostic purposes. 

As the technology of small computers 
and microprocessors matures, more em¬ 
phasis will be placed on distributed pro¬ 
cessing, in which a number of processors 


performing specific functions—such as 
graphics display control and tool 
indexing—are interconnected to do those 
tasks formerly performed by a single large 
computer. This advance will allow greater 
modularity in NC systems, leading to lower 
cost and higher performance. 

In the future, machine tools will accept 
a higher level of input. For example, input 
to a machine controller may be at the CL 
level or the APT source code level. More 
automated decision making will result in 
the ability to automatically select ap¬ 
propriate tools and toolpaths for optimal 
machine performance. 

Finally, NC machine tools will become 
more compatible with total flexible 
manufacturing systems, robots, and super¬ 
visory computer systems. Some automated 
factories already exist where robots, 
machine tools, and automatic warehouses 
work in harmony. 


The author wishes to thank Charles Dimarzio, Clyde 
Fitz, and Paula Donovan for their assistance in the 
preparation of this article. 
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GLOSSARY OF CNC AND 
MACHINE TOOL 
TECHNOLOGY 


Robert C. Wohlsen, RE. 
101 Mission Drive 
Palo Alto. CA 94303 


CAD (Computer-Aided Design). A system 
which uses a computer to create or modify 
a design. Systems range from simple com¬ 
puter drafting systems to elaborate 
engineering systems capable of finite ele¬ 
ment analysis or VLSI chip design. 

CAM (Computer-Aided Manufacturing). A 
system which uses a computer in the con¬ 
trol of a manufacturing process. Systems 
range from two-axis CNC programming 
aids to full factory automation. 

Circular Interpolation. A CNC program¬ 
ming code which controls the position and 
velocity of two machine slides in constantly 
varying fashion. Both slides start and stop 
at the same time. 

CNC (Computer Numerical Control). Use 
of a dedicated computer to control some 
aspects of a numerically controlled ma¬ 
chine tool. Systems range from simple 



TOOL 


Figure 1. Lathe terminology for facing applications. 
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single-axis drilling machines to multi-axis 
machining centers. 

Continuous Path CNC Capability of com¬ 
puting a continuous tool path based upon 
a set of end points. Required for Circular 
and Linear Interpolation. 

Depth of Cut. The distance into the raw 
material that the tool cuts per pass. (Fig¬ 
ures 1, 2, 3, 4, and 5.) 

Down Milling. The operation of a milling 
cutter such that it rotates in the direction 
the material is being fed. Down milling 
forces the part into the table. (Figure 4.) 

Engine Lathe. The most common form of 
lathe. May be mounted either on a bench 
or pedestal. Sizes normally range up to 
24 in. swing and 48 in. center distance. 
(Figure 6.) 

Face Milling. A milling operation in which 
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Figure 2. Lathe terminology for turning applications. 


angles to the axis of the spindle and part. 
Used to produce a flat surface. (Figure 1.) 

Feed. The action of moving the cutting 
tool into the material. Commonly mea¬ 
sured in inches-per-revolution of the part 
or cutter. (Figures 1, 2, 3, 4, and 5.) 

Horizontal Milling Machine. A milling 
machine in which the axis of the cutting 
tool is parallel to the table. 

Linear Interpolation. A CNC program¬ 
ming code which controls the position and 
the cutter axis is at right angles to the 
finish surface. Most of the cutting is done 
at the side of the cutter. (Figure 3.) 

Facing. Commonly a lathe operation in 
which the cutting tool moves at right 
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Figure 3. Milling machine terminology. 
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Figure 4. Peripheral down milling. 




Figure 5. Peripheral up milling. 


Figure 6. Basic lathe components. 


velocity of two machine slides at constant Machining Centers. Commonly a large NC (Numerical Control). A method of 


but possibly different rates, thus produc¬ 
ing a straight line path. 


machine tool capable of automatic tool 
changing and multi-axis machining. 


controlling the actions of a machine by 
numbers. The numbers may be supplied 
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USA. 

PREP, Inc. is the exclusive distributor in the United 
States and Canada for ESHED, Robotec, Ltd., Israel. 
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by paper tape, magnetic tape, computer 
memory, or any other means. 

NC Codes, A somewhat standardized 
system of simple codes for controlling the 
action of machine tools. A typical com¬ 
mand would include a Numerical code (N- 
codes) to denote sequence, a Preparatory 
code (G-codes), followed by some coor¬ 
dinate information. For example: NlOO 
GOl X120.00 Y60.00 translate into “Use 
Linear Interpolation and move from the 
origin (0,0) to a point at (120,60).” 

Parting. A lathe operation in which a por¬ 
tion of the material is cut off by using a 
narrow tool fed into the material at a right 
angle to the axis. 

Part Program. A computer program that 
describes the operations to be performed 
by a machine tool. The program is writ¬ 


Figure 7. Basic vertical mill components. 
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ten in a high-level language such as APT 
that allows the programmer to describe the 
operations more easily than with NC codes. 

Peripheral Milling. An operation com¬ 
monly performed on horizontal milling 
machines in which the cutting action takes 
place predominantly at the outer diameter 
of the cutter. The cutter axis is parallel to 
the table. The milled surface contour cor¬ 
responds exactly to the shape of the cut¬ 
ter’s teeth. (Figures 4 and 5.) 

Post-Processor Program. A program 
which links the NC machine to an NC com¬ 
puter running a Part Program. The Post- 
Processor Program is written for a specific 
machine and translates the Part Program 
into codes the NC tool can understand. 

Screw Machine. An automatic lathe con¬ 
trolled usually by a series of cams that can 


perform a sequence of operations 
repeatedly without the need for an 
operator. Originally developed to make 
screws, bushings, and other small parts. 

Straight-Cut CNC. A positioning system 
that only allows for motion along one of 
the axes or at a 45-degree angle. Useful 
for drilling machines and simple lathe 
operations. 

Swing. The largest diameter part that can 
be placed in a machine tool with its center 
located on the spindle centerline. 

Tape Control. The control of NC equip¬ 
ment by means of a l-in.-wide punched 
tape. The standard code used in the USA 
is ELA RS-244. Thpes are read by means 
of photoelectric cells or electrical contacts. 

Turning. A machining process commonly 
performed on a lathe which produces a 
cylindrical or conical shape by feeding a 
cutting tool into the material in a 
longitudinal direction (Figures 1 and 2.) 

Turret Lathe. A lathe in which the cutting 
tools are premounted in the periphery of 
a circular holder. The holder is rotated to 
change the tool. The holder or turret may 
be mounted on the cross slide or at the 
tailstock. Its primary advantage is the sav¬ 
ing in time normally required to install a 
new cutting tool when more than one type 
of tool is required to make a part. 

Up Milling. The cutting action of a mill¬ 
ing cutter when it is rotating against the 
direction of material feed. Tends to pull the 
part up from the table. (Figure 5.) 

Vertical Milling Machine. A milling 
machine in which the axis of the spindle 
is perpendicular to the table. (Figure 7.) 
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Table 1. 


Colne 5 CNC Lathe Specifications 

Chuck Size; 

80 mm 


Swing over bed; 

130 mm 


Swing over cross slide; 

80 mm 


Distance between centers; 

325 mm 


Speed range; 

0 to 2500 rpm 


Dimensions; 

680 mm long by 445 mm 

deep by 240 mm high 

Weight; 

40 kg 


Interface; 

Standard eight-bit parallel 

port. 

Stabilized DC. Variable speed drive. X and Z drives. 200 step high-torque stepper motors and soft¬ 
ware for at least 100 blocks. 


Microprocessors have invaded the 
machine tool industry. Some of the new 
light industrial CNC tools are designed 
specifically to be controlled by standard 
personal computers. Although some of the 
machines use custom-built interfaces, a 
standard eight-bit parallel port is often 
used for computer-to-CNC machine 
communications. 

The following product descriptions, and 
their accompanying specifications, were 
garnered from company product literature. 
Contact the companies to receive further 
information. 

Colne Robotics/D&M Computing, 
Inc. The Colne 5 CNC lathe is distributed 
in the United States by D&M Computing, 
Inc. The lathe is designed for use in the 
educational environment as a training tool 
for introducing students in high school and 
college to industrial automation and to the 
capability and potential of advanced com¬ 
puter numerically controlled systems. The 
D&M concept is to allow the use of the in¬ 
dividual institution’s present computer 
systems to operate the Colne 5 CNC. The 
lathe is controlled from a standard eight- 
bit parallel port. 

The lathe bed is mounted in a tray that 
supports the head and tail stocks, the sad¬ 
dle and the cross slide. The DC motor is 
bracket-mounted to the rear of the head- 
stock. It drives the chuck via a pulley. A 
tachometer feedback provides speed stab¬ 
ilization under load. 

The X stepper motor is mounted to the 
rear of the saddle and the Z stepper motor 
to the bed. The stepper motors drive recir¬ 
culating ball leadscrews to give X and Z 
movements accurate to better than 0.025 
mm. 


The control software provides a com¬ 
prehensive range of industry standard G- 
codes and the facility to accept and retain 
complex cutting sequences. A variable- 
scale emulator provides graphics for tool 
path verification. Other software features 
include editing, updating current software 
block, and safety measures. Software is 
currently available for the BBC, Apple, and 
Commodore 64 computers. 


A lockable safety cut-out button to 
disable the DC motor is positioned con¬ 
spicuously on the front control panel. A 
transparent guard covers all moving parts 
when motors are running. A safety switch 
insures motor cut-off when the guard is 
raised. A similar interlock protects the end 
cover plate. As an added safety feature, the 
stepper motors withdraw the cutting tool 
to a safe position as the DC motor runs 
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down. Microswitches at the limits of +Z 
and -Z travel prevent the saddle from 
overrunning the bed. 

A detailed and comprehensive hand¬ 
book and a separate operator’s guide and 
exercise manual are supplied. A set of tools 
and ancillaries are provided with each 
lathe. 

For more information, contact: D&M 
Computing, Inc., Box 2102, Fargo, ND 
58107, telephone (701) 235-7743. 

Light Machines Corporation. The 

spectraLIGHT from Light Machines is an 
inexpensive CNC lathe designed to work 
with most popular personal computers, in¬ 
cluding the IBM PC and the Apple II. It 
can create surfaces of revolution in wood, 
plastic, or metal within a working volume 
of 3.5 in. diameter by 8 in. length. The 
control software allows you to write your 
instructions in conventional, industry- 
standard NC code. You can also add 
special functions, such as polynomial-fit 
curve cutters or tool force sensors. Pro¬ 
grams can be created on diskette and 
recalled for repeated use. 

The spectraLIGHT provides a resolution 
of 0.0003 in. along both axes of movement 
with repeatability of ±0.0001 in. All 
backlash effects are removed in software 
and adjusted by keyboard command. The 
lathe head features lifetime lubricated bear¬ 
ings with adjustable preload. The gib slides 
contain adjustable low-friction inserts to 
eliminate lateral play. 

Four operational modes are available for 
the spectraLIGHT. Program Mode allows 


Swing over bed 

Swing over carriage 

Distance between centers 

Spindle inside diameter 

Spindle nose taper 

Spindle nose thread 

Cross slide travel 

Tailstock spindle travel 

Tailstock spindle taper 

Spindle speed range 

Program and jog mode feed rates 

Scan mode feed rate 

Overall length 

Overall width 

Overall heigth 

Required power 

Motor type 



Photo 2. Light Machines Corporation spectraLIGHT 
CNC lathe. 


you to write and edit numerical control 
machine code, run it, and store it for 
repeated use. The program allows both ab¬ 
solute and incremental tool positioning 
along any straight line or sequence of such 
line segments. You are also in full com¬ 
mand of the feed rates. Jog Mode allows 
you to move the lathe at specified inter¬ 
vals at a chosen speed along each axis of 
travel, using the arrow keys on the 
keyboard. For simple machine operations, 
this is simpler, less fatiguing, and more 
precise than operations with a conven¬ 
tional manual lathe. Scan Mode provides 
adjustable velocity XY movement using the 
arrow keys or optional joystick for easy 
positioning of the tool tip at the beginning 
of the cutting operation or for the cutting 
itself Initialization Mode allows you to 
enter values for backlash control from the 
keyboard. This mode is also used for set¬ 
ting zero position for absolute positioning 
in the program. 

For further information, contact: Light 
Machines Corp., 9 Constitution Drive, Bed¬ 
ford, NH 03102, telephone (603) 
472-8300. 


3.50 in. 

1.75 in. 

8.00 in. 

0.405 in. 

No. 1 Morse 

3/4 in. by 16 threads per inch 
2.25 in. 

1.50 in. 

No. 0 Morse 
200 thru 2000 RPM 
0 thru 6 in./minute 
0.015 thru 15 in./minute 
2678 in. 

15% in. 

1 % in. 


Minilool, Inc. The Minitool, Inc. Model 
2500 CNC numerically-controlled micro 
drilling machine features a low-cost, point- 
to-point programmable control system that 
provides both sequential and step and 
repeat patterning for the X and Y axes. 
The Minitool vee-bearing design assures 
accurate drilling guidance available. 

The 2500 CNC consists of a base, step- 
motor-driven XY table, column, step- 
motor-driven infeed drill head (1.5 f^m 
smallest increment) and separate 
numerical control unit. The numerically- 
controlled unit is compact, lightweight, 
highly portable and can be powered from 
a standard electrical outlet. There is no 
control language to learn and no tape to 
prepare. Entire programs, or portions of 
programs, can be quickly changed or 
repeated. 



Photo 3. Minitool Model 2500 CNC numerically- 
controlled micro drilling machine. 


Up to 99 program sequences can be 
stored. For each sequence, 100 step and 
repeat positions may be programmed for 
both the X and Y axes for a total of 10,000 
positions. Control can be alternated among 
any of the operating modes—automatic, 
semi-automatic or manual—during posi¬ 
tioning. An optional microcomputer-based 
controller, the Model 101, with memory 
recall and many other capabilities, is also 
available. 

The Minitool 2500 CNC machine 
handles standard solid carbide drills (1/8 
in. diameter by 1.5 in. long) as well as 
precision collet spindles with collets 
suitable of chucking high-speed steel, car¬ 
bide and diamond micro drills. 

For more information, contact: Minitool, 
Inc., 1334/F Dell Ave., Campbell, CA 
95008, telephone (408) 374-1585. 

OZO Diversified Aulomalion, Inc. 

The Model 18 Overhead Coordinate Drill¬ 
ing Machine from OZO Diversified 
Automation, Inc. is a CNC programmable 
drilling tool. The Model 18 is designed for 


115 VAC @ 5A 
Permanant magnet steppers 
Motor step travel 0.00025 in. 

The Microlathe PC software is available for IBM PC, DEC LSI-11, and Apple II and Apple He com¬ 
puters. The control interface is a standard eight-bit parallel port. 


Table 2. 

Light Machines Corporation Microlathe PC Specifications 
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Table 3. 


Minitool 2500 CNC Specifications 

Machine head and base: 

Special alloy casting, base blanchard ground. 

Machine column: 

28.6 mm diameter (1.125 inches) by 254 mm (10 inches) 
hardened and ground steel. 

Motor: 

24 VDC servo type. 

Speed control: 

Variable 6 to 7500 rpm, solid-state, built into machine 
base. 

Power requirement: 

115/230 VAC 45-400 Hz. 

Vee-bearing mount: 

Two in-line vee construction, interchangeable. Diamond 
vees standard. 

Positioning table: 

Precision lead screw type supplied with (commercial 
grade) 2 stepping motors. 50 mm (2 in.) travel in X and Y 
directions. Positioning accuracy 0.012 mm (0.0005 in.). 

Positioning table: 

Position lead screw type supplied with 2 (precision grade) 
stepping motors. 76 mm (3 in.) travel in X and Y directions. 
Positional repeatability 0.00127 mm (0.000050 in.). Linear 
accuracy 0.0025 mm (0.0001 in.). Squareness X to Y 15 
ARC. SEC. 

Drill infeed: 

Stepping motor mounted over drill head. (Z-axis) Hardened 
and ground precision lead screw with carbide contact 
plate advances drill. Infeed programmable. Smallest infeed 
1.5 urn (about 62.5 millionths of one inch). 

Drill capacity: 

HSS to 0.05 mm (0.0019 in.). Carbide to 0.05 mm (0.0019 
in.). Diamond to 0.13 mm (0.005 in.). 

X-Y axis: 

99 random positioning maximum. 10,000 step and repeat 
positioning maximum. Backlash compensated for X and Y 
movement. 

Machine control system: 

Absolute programming point-to-point. 

Work clearance: 

152.5 mm (6 in.) over machine base. 85 mm (3% in.) over 
positioning table. 

Dimensions (machine): 

305 mm by 457 mm by 330 mm (12 in. by 18 in. by 13 in.) 

Dimensions (computer): 

229 mm by 330 mm by 127 mm high (9 in. by 13 in. by 5 
in.) 

Weight (machine): 

22 pounds 

Weight (computer): 

5 pounds 

Total shipping weight (USA): 

35 pounds 

Total shipping weight (Foreign): 

45 pounds 


drilling printed circuit boards and handles 
formats to 12 in. by 18 in. with a position¬ 
ing accuracy of ±0.0005 inc. The Model 
18 fills the gap between huge multiple spin¬ 
dle mass-production drills and manual PC 
drills. It is particularly appropriate for 
limited production or prototype work. 

This CNC tool is controlled by a per¬ 
sonal computer and is easily used with 
menu-driven software. The programming 
scope and drill head are interchangeable. 
Once mounted, the programming scope is 
positioned with a joystick. Pressing a single 
button records the XY position in a coor¬ 
dinate file. The file is saved on diskette, 
ready to be used for drilling or to be edited 
as needed. 



Photo 4. OZO Diversified Automation Model 18 
Overhead Coordinate Drilling Machine. 


When ready to drill, set the drill height, 
enter the total drilling depth, and start the 
drilling program. If drilling must be inter¬ 
rupted for any reason, the control program 


IT CAN WALK. IT CAN GRAB. IT CAN FEEL. 
IT CAN SEE THE LIGHT. IT CAN SPEAK. 
IT’S NEW FROM MICROBOTICS. 


MICROBOTICi 


MICROBOTICS DEVELOPMENT CORPORATION 

1950 112th Avenue Northeast 
Bellevue, WA 98004 


BE PART OF OUR GROWING DEALER TEAM! 
For information call (206) 454-7070. 


Microbotics is a trademark of 
Microbotics Development Corporation. 
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Table 4. 


OZO Model 18 Specifications 

Performance 

Hit rate: 

Up to 200 strokes/minute. 

Maximum holes/hour: 

27,000. 

Positioning velocity; 

100 in./minute. 

Smallest increment: 

0.0005 in. 

Positioning accuracy: 

±0.0005 in. 


Mechanical Characteristics 


Table: 

14 in. by 20 in. 

Axis travel: 

12 in. by 18 in. 

Register pins: 

Ve in. with stationary pin bushing. 

Bearings: 

Recirculated linear ball bearings. Hardened bearing ways. Ball lead 
screws. 

Positioning drive: 

Stepper motors. 

Machine dimensions: 

26 in. by 32 in. by 15 in. 

Weight; 

About 165 pounds. 

Electronics: 

Air-cooled chassis. Solid-state power supply. Modular drive cards. 
Controlled by Apple II-i- or Apple lie computer. 

Drill Head: 

60,000 RPM drill motor. Vb in. chuck (set lock). Chip 
vacuum/pressure foot. 

Scope: 

5 in. by 5 in. screen. 5X magnifier. Illuminated head and optional 
video display. 


remembers the point at which the inter¬ 
ruption occurred. You can resume drilling 
from any point stored in an X Y coordinate 
file. A vacuum attachment on the pressure 
foot removes the chips and dust generated 


from drilling. Other software options for 
printed circuit work include the ability to 
mirror and repeat patterns. The interface 
and software are available for the Apple 
\l+ and the Apple He computers. An STD 


Bus interface will soon be available. 

Since the typical circuit board contains 
600 to 1000 holes, speed is an important 
design criterion. The OZO Model 18 can 
drill up to 27,000 holes through a stack 
of three PC boards on 0.10 in. grid centers. 
If drilling through a single board, speeds 
of up to 200 holes per minute can be 
achieved. 

Although first designed as a PC board 
drill, interchangeable tools for other ap¬ 
plications are planned. A routing head is 
the next option to be made available. An 
optical plotting head, wire wrap unit, and 
larger drill are also in the planning stages. 
For more information regarding your par¬ 
ticular application, contact OZO Diver¬ 
sified Automation, Inc., 3380 South Dex¬ 
ter St., Denver, CO 80222, telephone (303) 
756-6347. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

73 83 93 

Excellent Good Fair 


MOVING? 


Please be sure to send us both your old address and your new 
one. You nnay attach your mailing label from the magazine cover, 
or print your name and address exactly as it appears on the mail¬ 
ing label. Allow eight weeks for processing. 

Old Address 


Name 


Company 


Street 

Town/City 

New Address 

State 


Zip 

Name 


Company 


Street 

Town/City 

State 


Zip 


Mail to: 

Robotics Age/Subscriptions, 174 Concord St., Peterborough, NH 03458 


ENCODERS: 


3 SIZES TO FIT 
YOUR NEEDS. 



Our 80 Series of 

low cost incremental encoders has been expanded 
with two new sizes to meet broader OEM encoder 
needs. 

SMALL-SIZE 23 2.3" OD. The original 80 series 
encoder. Design features previously available only in 
much higher priced units. Resolution to 2000 PPR. 

SMALLER-SIZE 15 1 5" OD Also with square wave TTL 
or CMOS complementary outputs and multiple volt¬ 
age and output format options. Resolution to 512 PPR. 

SMALLEST-SIZE 11 1.1" OD with the same design 
features. Resolution to 254 PPR. Ideal substitute tor 
resolvers providing direct digital output. 

Get all the tacts on this versatile family of encoders. 
Call or write today. 

New Dimensions in Motion Controi 



Motion Control Devices, Inc. 

80 Steadman St., Lowell, MA 01851 
(617) 454-3407 
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HITE'S BITBUS 
MKHBGONIBOIlfB 
IMBIGOlUIECr 

A Modern Method of Robot Communication 


Peter I. Wolochow 
Intel Corporation 
5200 NE Elam Young Parkway 
Hillsboro. OR 97124 


In February 1984, Intel introduced a new 
bus communication architecture aimed at 
enhancing microcontroller-based applica¬ 
tions. This article describes Intel’s 
Bitbus—an interconnect scheme specifical¬ 
ly designed to match the needs of high- 
performance, cost-conscious microcon¬ 
troller applications. The Bitbus, along with 
the accompanying Distributed Control 
Module (iDCM™) family, provides the 
latest steps toward making the best use of 
VLSI technology in control applications. 


_BITBUS USES_ 

Microcontrollers are a driving force in 
modernizing mechanical and electrical 
systems. They have replaced relays, wheels, 
and gears in applications ranging from 
automated manufacturing to process con¬ 
trol. By incorporating at least one micro¬ 
controller, the total system cost of most 
control-oriented applications can be 
lowered while improving performance and 
leaving room for useful options. However, 
without an industry-wide standard on 
which to rely, most microcontroller applica¬ 
tions lack a simple connection to other 
microcontrollers and control equipment. 

Through advances in silicon technology, 
control systems have already made many 
evolutionary changes. Early systems relied 
on relay sequencers and simple alarm indi¬ 
cators. The PDP-8™ from Digital Equip¬ 
ment Corp. provided the first commonly 
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used tool for coordinating many real-time 
controls. Microprocessors provided a sim¬ 
ple way to reduce computer costs, but did 
not change system architectures until stan¬ 
dard buses became popular. Industry stan¬ 
dard bus architectures such as the Multi¬ 
bus® and STD-Bus™ have allowed de¬ 
signers to divide control tasks between 
many processors while taking advantage of 
standard modules from many vendors. 

Microcontrollers have paved the road for 
the next step—distributed control. Most 
control-oriented systems distribute control 
functions to minimize system cost while im¬ 
proving system performance, responsive¬ 
ness, and reliability. There are several ways 
to distribute control: a parallel bus struc¬ 
ture, a simple set of control signals on in¬ 
dividual control lines, a serial communica¬ 
tions link, or custom technology. Each of 
these solutions requires considerable de¬ 
sign effort, and often results in a perfor¬ 
mance-limiting interconnect matched to 
current applications but ill-suited for ex¬ 
pansion or connection to a different con¬ 
trol system. 

Applications best suited for the Bitbus 
interconnect include robotics, numerically- 
controlled machines, process control, 
security systems, environmental control, 
and other distributed control and data col¬ 
lection systems. These applications typical¬ 
ly use multiple controllers to physically 
distribute control, to improve system per¬ 
formance and reliability, and to reduce 


total system and maintenance cost. Ex¬ 
isting data networks such as Ethernet, 
Token Bus, and various custom technol¬ 
ogies are useful for transferring large data 
blocks at high speed, but also at a relatively 
high cost. What is still missing is a low- 
cost bus for local control environments. 
Combining the strengths of existing hard¬ 
ware and protocol standards with complete 
firmware and software support, the Bitbus 
interconnect provides a simple, standard 
technology for connecting distributed 
controllers. 


BITBUS CONFIGURATIONS 

The Bitbus microcontroller interconnect 
can connect a single master controller to 
a number of local or remote slave con¬ 
trollers. A multidrop configuration con¬ 
nects controllers (8044s) to a common bus. 
The single-chip 8044 microcontroller con¬ 
tains two functional elements: an 8051 pro¬ 
cessor and an SDLC Serial Interface Unit 
(SIU). The onboard processor contains 4 
Kbytes of read-only memory, 192 bytes of 
read/write memory, clock, timers, interrupt 
controller, and memory expansion bus. In 
Bitbus applications, the read-only memory 
is filled with special firmware routines that 
support the message-passing protocol, in¬ 
teract with user application tasks, and per¬ 
form a series of power-up self-diagnostics. 

Integral firmware allows each Bitbus con¬ 
troller to act as either a master or slave. 












The master/slave relationship can be 
changed in real time. This provides a sim¬ 
ple method for allowing backup master 
controllers. For example, you could pro¬ 
gram a backup master to wait for a poll 
from the primary master every second. If 
the master missed several polls, the backup 
could take control and switch itself from 
a slave to a master. 


TRANSFER PROTOCOL AND MESSAGE FORMAT 

The Bitbus interconnect is based on the 
SDLC (IBM’s Synchronous Data Link Con¬ 
trol) standard supported by the 8044. 
SDLC is commonly used by many vendors 
concerned about data integrity and inter¬ 
face standards. Since the SDLC protocol 
has limited overhead and a built-in data 
security and acknowledgement protocol, 
it is ideally suited for reliable transmission 
of short, control-oriented messages. To en¬ 
sure a workable standard interface between 
Bitbus systems, additional protocol stan¬ 
dards are included in the published Bit- 
bus specifications. 

The 8044 Bitbus microcontroller sup¬ 
ports a large subset of the standard SDLC 
protocol. The 8044 manages SDLC traf¬ 
fic in Auto and Non-Auto modes with a 
minimum of interruption to the 8051 half 
of the microcontroller. In Auto mode (used 
by all Bitbus slaves), all SDLC functions 
are managed automatically with minimal 
effect on controller performance. In the 
Non-Auto mode (used by the Bitbus 
master), the controller can initiate 
transmissions and polls to slaves as well as 
process parts of the protocol not managed 
by the SIU (such as responding directly to 
each message and checking other status 
conditions). The 8044 component 
automatically manages all SDLC frame 
control, sequencing, and transmission pro¬ 
cedures. In Bitbus applications, the 8044 
also provides the message formats and se¬ 
quence checks needed to guarantee prop¬ 
er delivery of critical control signals. 

SDLC Protocol. SDLC is a bit-oriented 
data-link control protocol that defines a 
specific structure for each type of data and 
control exchange. As shown in table 1, 
each transmission type (I-frame, S-frame, 
and U-frame) is divided into identifiable 
fields. Each field contains one or more 
bytes of data and/or control information to 
accomplish the corresponding function. 

Normal transmission between an SDLC 


Transmission Modes 

The Bitbus operates in either of two transmission modes: synchronous or self-clocking. 
In the synchronous mode, an external clock provides a data clock to transmit data at 
rates between 375 K and 2.4 M bits per second. In the self-clocking mode, the clock 
is derived from transition in the data using the NRZI (Non-Return to Zero, Inverted) en¬ 
coding technique. Characteristics of each mode are shown below: 

Synchronous Mode: 

2.4 bits per second with external clock 
Maximum of 30 m distance 



SOURCE receiver/transmitter configuration. 

Self-Clocking Mode: 

375K bits per second NRZI encoding: 

Maximum of 300 m between repeaters (total limit 900 m) 

Maximum of 28 Bitbus nodes between repeaters (limit 250) 

Maximum of 2 repeaters between the master and any slave 


62.5K bits per second NRZI encoding: 

Maximum of 1200 m between repeaters (total limit 4800 km) 
Maximum of 28 Bitbus nodes between repeaters (limit 250) 
Maximum of 10 repeaters between the master and any slave 



DATA PAIR 


TRANSCEIVER 
CONTROL PAIR 
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RAC Function commands 

Every member of the 8044 family is programmed for Bitbus operation by including the 
iRMX 51 Executive and one system task, called the Remote Access and Control (RAC) 
function. The system task, responsible for managing the interface, provides a number of 
utilities to ensure that all Bitbus controllers can communicate with each other. The utilities 
also allow a master node to interact with slave controllers without having to write any 
8051 code. The RAC function provides ten commands that let a remote master access 
local resource and status information and five commands specifically designed for intelligent 
remote control. Thbles 3 and 4 describe the available access and control RAC functions. 

The control functions can be used for higher-level utilities. For example, the Bitbus 
master can determine the existence of a special service task at a remote slave, and download 
programs depending on high-level system requirements or environmental influences such 
as service options or power failures. This test-and-program function could be accomplish¬ 
ed by sending a GET_FUNCI'ION_IDS command and sending a group of 

WRITE_EXTERNAL_MEMORY messages to download an appropriate program, and 

then starting the program by sending a CREATE_TASK command. 


Table 3. Remote Access and Control (RAC) Access Functions 


_ COMMAND __ OPERATION _ 

READ.I/O Read external I/O location. Return result in rep- 

__ ly message. _ 

WRITE_l/0 _ Write byte to external I/O location. _ 

UPDATE MO Write byte to, then read byte from external I/O 

__ location. Return result in reply message. _ 

OR _l/0 OR data with contents of external I/O location. 

Return ORd value. 

AND_l/0 AND data with contents of external I/O locaton. 

Return ANDd value. 

X0R__l/0 XOR data with contents of external I/O location. 

_ Return XORd value. _ 

READ.INTERNAl_MEMORY Read contents of internal memory location. 

Return result in reply message. 

WRITE INTERNAI_MEMORY _ Write data to internal memory location. _ 

DOWNLOADEXTERNAL MEMORY Write data starting at external memory location. 

UPLOAD.EXTERNA!_MEMORY Read data starting at external memory location. 

Return result in reply message. 

NOTES: 

Internal memory locations are included in the 192 bytes of data read/write memory provided in the microcon¬ 
troller. External memory refers memory outside the microcontroller—the 28-pin sockets of the iSBX 344 module 
and the iRCB 44/10 board. Each RAC Access Function may refer to 1, 2, 3, 4, 5 or 6 individual I/O or memory 
locations in a single command. 



Table 4. RAC Control Functions 

COMMAND 

OPERATION 

GET_FUNCTION_IDS 

Execute iRMX 51 GET_FUNCTION_IDS command. Return 
resulting list in reply message. 

CREATE_TASK 

Execute iRMX 51 CREATE_TASK command using the 
specified Task Descriptor. Return resulting status in reply 
message. 

DELETE _TASK 

Execute iRMS 51 DELETE_TASK primitive using specified 

Task Identification. Return resulting status in reply message. 

RAC_PROTECT 

Suspend or Resume Remote Access types of service. Return 
resulting status in reply message. 

RESET STATION 

Jump to initial code reset address. NO REPLY IS 

RETURNED. 


master and slave starts with an exchange 
of U-frames to synchronize the frame se¬ 
quence counters and other controls. The 
data exchange is accomplished with the I- 
frame and S-frame. The I-frame contains 
data for a slave or a response from a slave. 
S-frames are used to acknowledge data 
receipt or to poll a slave for data. 

Bitbus Messages. The user data contained 
in the I-frames conform to a standard Bit- 
bus message format. All messages contain 
a five-byte header describing the source 
and destination, along with other status 
and control information. Messages sent to, 
or from, the standard Bitbus firmware (see 
the RAC Function Commands text box) 
may also contain special information to 
perform common I/O operations. Up to 13 
user data bytes may be transmitted at one 
time. 

Bitbus controllers require each message 
to be answered—not just acknowledged. 
The SIU provides an SDLC acknowledge¬ 
ment for each message. Only the applica¬ 
tion task to which the message is sent can 
send a meaningful reply. The Bitbus master 
enforces this rule by continuing to poll a 
slave for its reply to each transmitted 
message. Separating the replies and 
acknowledgements helps give Bitbus 
systems additional performance by freeing 
the control link while a reply is generated. 

Figure 1 shows how several overlapping 
conversations can occur between the Bit- 
bus master and slaves. The Bitbus master 
maximizes throughput by taking advantage 
of each slave’s SIU ability to immediately 
acknowledge a message, without interrupt¬ 
ing the 8051 processor. This removes the 
need to tie up the bus while waiting for the 
slave to calculate a response. The master 
can send commands to a controller and 
come back for the response later. 

Bitbus traffic patterns and rules reflect 
the primary Bitbus purpose—control. The 
master controls all message traffic and in¬ 
itiates all messages. Slaves answer each 
message with either an immediate acknowl¬ 
edgement to confirm correct recognition, 
or with a response message associated with 
a previously received command. Whereas 
many SDLC-based systems suffer from 
large and unpredictable delays between a 
poll and a slave’s acknowledgement, Bit- 
bus slave controllers use the SIU to send 
an immediate answer. Because the re¬ 
sponse time is always short and predicta¬ 
ble, no Bitbus bandwidth is wasted. 
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Table 1. Synchronous Data Link Control (SDLC) Frame Formats. 
FRAME-TYPE FORMAT FUNCTION 


l-frame F A C—user data—FCS F Information Transfer 

S-frame FAC FCS F Supervisory Control 

U-frame FAC FCS F Receiver/Transmitter Synchronization 


NOTES: 

‘F’ refers to the SDLC Flag byte; A' refers to the slave station’s address: C refers to the control field identifying 
the frame-type and other control parameters; ‘FCS’ refers to the frame check sequence (a 16-bit CRC calculated 
on all frame contents except the flags). 


bus specification has been published which 
identifies all facets of Bitbus design. 

The Bitbus uses the RS485 interface as 
the physical link between controllers. The 
RS-485 electrical interface is an accepted 
variation of the common RS422 interface 
that allows longer cable segments with 
more multidrop connections. Repeater sta¬ 
tions make it possible to link concentrated 
control stations with additional remote 
data collection points. Repeaters are not 
supported in the Synchronous Mode. 


^ A 



Where: 

Ci...C,= 

Command messages sent by the master to the identified slave. 

Ai... An= 

Acknowledgements made by identified slave to message from master. 

A = 

Acknowledgement made by the master to a message from a slave. 

Ri... Rn= 

Response message sent by identified slave to the master. The master acknowledges these 
responses with the next appropriate poll or command to the identified slave. 

Pi...Pn= 

Poll sent by the master to identified slave asking for response message. 
tA = 

Time taken to acknowledge a message or poll from the master. 

Figure 1. Typical overlapping conversations possible with the Bitbus communications protocol. 


Bitbus Message Passing. Messages are an 
integral part of any control-oriented ap¬ 
plication. Intel’s entire Digital Control 
Module family supports the passing of 
short control commands, responses to 
these commands, and status information. 
A small executive program provides multi¬ 
ple tasking capability so that messages can 
be managed on a task-by-task basis. All Bit- 
bus components and boards offer the 
same, simple, message-based interface to 
user applications that produce and act on 
control information in small messages. By 
using standard messages, 8044 tasks can 
perform I/O operations such as inverting 
a single I/O bit at a distant Bitbus node, 
without specially coded communications or 
bus management software. 


_BITBUS SPECIFICATIONS_ 

The Bitbus hardware and software inter¬ 


faces were selected to match distributed 
control requirements while conforming to 
established standards supportable with cur¬ 
rently available electrical interfaces, cables, 
and operating systems. However, since 
some applications require different elec¬ 
trical and mechanical interfaces, the Bit- 
bus connectors and bus interfaces provide 
additional signals such as power, RTS, 
DLCK, etc. By using these additional 
signals, other extensions such as simple 
fiber-optic communication links and op¬ 
tical isolators can easily be adapted to stan¬ 
dard Bitbus connectors. 

The Bitbus software interfaces also pro¬ 
vide extra customization “hooks.” For ex¬ 
ample, the Function ID Codes and the 
ability to create new tasks dynamically 
allow application tasks to take advantage 
of standard Bitbus services in custom- 
even proprietary—fashions. To assist in 
typical and custom designs, a complete Bit- 


INITIAL BITBUS PRODUCTS 

The Bitbus microcontroller interconnect 
is supported by a number of new products. 
Using a preprogrammed 8044 called the 
iDCM Controller, the following products 
provide firmware, additional software, and 
flexible board-level support for distributed 
control applications. System-level con¬ 
trollers can take advantage of these 
modules to extend their I/O into the Bit- 
bus realm. Component-level solutions can 
make use of the iDCM Controller, or use 
the software to configure unique solutions 
that are still compatible with different Bit- 
bus systems. 

iRMX 51 Real-Time Executive. The Bitbus 
firmware is based on a new member of In¬ 
tel’s iRMX Real-Time Operating System 
family, the iRMX 51 Executive, a very small 
multitasking executive that supports up to 
eight user tasks on any of the 8051 family 
of processors (8051, 8031, 8044, 8744, 
8751, etc.). The Executive provides the 
basic utilities for users to create and main¬ 
tain tasks, manage interrupts and time in¬ 
tervals, and pass messages between local 
and remote tasks. Tcible 2 shows all ten 
available commands. 

The primary operation of the Executive 
centers around its ability to send messages 
between tasks residing on the same 
microcontroller or on another one. As the 
supporting system for Bitbus firmware, the 
Executive has been optimized to transfer 
messages with a minimum of delay. As a 
general-purpose, real-time executive, it 
directly supports user tasks located in 
memory. The first task (task 0) is reserved 
for a system task, called the RAC function 
that performs all Bitbus-related functons 
and provides some user, application-level 
services. 

iRMX 510 DCM Support Package. The 
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Table 2. iRMX 51 Commands 

COMMAND 

FUNCTION 

RQ.SEND.MESSAGE 

Sends a message (a command from the BITBUS 
master, a response from a slave, or a simple message 
between tasks on the same BITBUS component) to 
another task. 

RQ.WAIT 

Waits for an interrupt, an event time-out, a message, or 
any combination of the three. 

RQ_CREATE_TASK 

Causes a new sequence of code to be run as an iRMX 
51 task with a specific Function Identification Code. 

RQ_ DELETE _TASK 

Stops the specified task and removes it from all execu¬ 
tion lists. 

RQ_ ALLOCATE 

Allocates a fixed-length buffer from the internal 8044 

RAM for use as a BITBUS message buffer. 

RQ DEALLOCATE 

Returns a BITBUS message buffer to the system. 

RQ_GET_FUNCTION_ID 

Provides a list of the 8 function identification codes 
representing the tasks currently operating on the 
microcontroller. 

RQ_SET_INTERVAL 

Set the time interval to be used as a separate event- 
timer for the task. 

RQ.ENABLE.INTERRUPT 

Allow external interrupts to signal the microcontroller. 

RQ.DISABLE.INTERRUPT 

Stops all external interrupts from signalling the 
microcontroller. 


package contains software utilities to assist 
8044 users in implementing Bitbus-based 


applications. They include software drivers 
for interfacing Intel’s iRMX 86, 88, 286R, 


and iPDS ISIS operating systems to Bit- 
bus boards and components. Remote I/O 
points, from a high-level task, may be con¬ 
trolled using the supplied drivers just as 
though they were attached directly to the 
master processor. The 510 package also in¬ 
cludes developmental aids, such as a col¬ 
lection of literal definitions and a copy of 
the Bitbus firmware for use with in-circuit 
emulators, like the ICE-44, for Intel 
development systems. 

iSBX 344 Bitbus Expansion Module. The 
module is an 8044-based, double-wide 
iSBX module, having two 28-pin memory 
expansion sockets, for driving distributed 
control systems as either masters or slaves. 
One socket is equipped with 2 Kbytes of 
user-accessible memory that is expandable 
to 8 Kbytes. The other socket may house 
an additional 64 Kbytes. Users may take 
advantage of the 8044’s features to off-load 
control and polling functions from the 
base-board unit. 

iRCB 44/10 Bitibus Controller Multi¬ 
module. The remote controller board is an 
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Follow the 
leader. 


Subscribe to the insiders' 
newsletter for the personal 
robotics industry. 

Be a part of the next success story 
in modern marketing — the personal 
robotics boom. Remember back in 
1976 when personal computer sales 
were practically nil? How many people 
thought home computers would be¬ 
come a $6 billion a year business? 
Personal robotic sales are just now 
getting off the ground, yet Future 
Computing, a leading market research 
company, predicts that $2 billion worth 
of home robots will be sold by 1990. 

We are Personal Robotics News — 
the only independent newsletter edited 
exclusively for the people in this ex¬ 
citing new industry. In each issue, we'll 
give you inside information on devel¬ 
opments in hardware and software, 
market trends, applications and gov¬ 
ernment legislations. 

If you want to keep up-to-date on 
what's happening in this rapidly grow¬ 
ing industry, turn to the newsletter 


with the latest deadlines 
in the business. 

Personal Robotics News, 
loin us as we explore the 
fascinating world of per¬ 
sonal robotics — the 
biggest new marketing opportunity 
of the '80s. 

Special Introductory Offer! 

Subscribe today and get our special 
introductory rate of $96 per year, a 
saving of 23% off the regular price. 

Personal Robotics News 

PO. Box 10058 
Berkeley, CA 94709 

(415) 524-7115 

























BHbus BackDiane Configurations 

Although the Bitbus interconnect is designed as a simple two-wire microcontroller in¬ 
terconnect, it can also be distributed over a backplane. The iRCB 44/10 Remote Con¬ 
troller Board uses a single-wide, 220 mm-deep, Eurocard format and DIN connectors as 
interface to power, other controllers, and I/O. Thble 5 defines the pin-out of the 64-pin 
DIN connector which facilitates board insertion and maintenance; all I/O and bus con¬ 
nections are on the same connector. The connections are compatible with the standard 
Intel parallel port adopted by many other vendors. The power pins are compatible with 
standard Eurocard designations except for the ± 12 V provided for the possible use of 
iSBX modules mounted on Bitbus controller boards. 

Since the power and Bitbus connections occupy only a small number (14) of the backplane 
pins, many custom functions can be implemented on iRCB-type modules. Each module 
can include a controller and dedicated I/O circuitry designed for a particular application. 
The iDCM Controller manages all the Bitbus interface and provides the on-chip 8051 
controller for local control. 


Table 5. Eurocard Connector Pin-Out 


DIN 
PIN # 

PIN & SOCKET 
PIN # 

FUNCTION 

DIN 
PIN # 

PIN & SOCKET 
PIN # 

FUNCTION 

1c 


GND 

la 


GND 

2c 


+ 5V 

2a 


+ 5V 

3c 


DATA* 

3a 


DATA 

4c 


DLCK*/RTS* 

4a 


DLCK/RTS 

5c 


RGND 

5a 

1 

EXTINT 

6c 

2 

GND 

6a 

3 

PB7 

7c 

4 

GND 

7a 

5 

PB6 

8c 

6 

GND 

8a 

7 

PBS 

9c 

8 

GND 

9a 

9 

PB4 

10c 

10 

GND 

10a 

11 

PBS 

11c 

12 

GND 

11a 

13 

PB2 

12c 

14 

GND 

12a 

15 

PB1 

13c 

16 

GND 

13a 

17 

PBO 

14c 

18 

GND 

14a 

19 

PCS 

15c 

20 

GND 

15a 

21 

PC2 

16c 

22 

GND 

16a 

23 

PCI 

17c 

24 

GND 

17a 

25 

PCO 

18c 

26 

GND 

18a 

27 

PC4 

19c 

28 

GND 

19a 

29 

PCS 

20c 

30 

GND 

20a 

31 

PCS 

21c 

32 

GND 

21a 

33 

PC7 

22c 

34 

GND 

22a 

35 

PA7 

23c 

36 

GND 

23a 

37 

PA6 

24c 

38 

GND 

24a 

39 

PAS 

25c 

40 

GND 

25a 

41 

PA4 

26c 

42 

GND 

26a 

43 

PAS 

27c 

44 

GND 

27a 

45 

PA2 

28c 

46 

GND 

28a 

47 

PA1 

29c 

48 

GND 

29a 

49 

PAO 

30c 


-12V 

30a 


+ 12V 

31c 


+ 5V 

31a 


+ SV 

32c 


GND 

32a 


GND 


8044-based single-wide Eurocard form- 
factor board providing the standard Bitbus 
interface, memory expansion sockets, and 
clock-support circuitry found on the iSBX 
344 Module. It also provides an expansion 
connector, and 24 lines of bit-program¬ 
mable I/O. Connection is made by either 
a standard 10-pin connector or Eurocard 
64-pin DIN connector. The iRCB 44/10 


form-factor was selected to allow multiple 
concentrations of controllers. 


DESIGNING A FLEXIBLE BITBUS ROBOT 

Board and chip level modules can simplify 
many of the control problems inherent in 
robot architectures. High-speed central 
processors are necessary to manipulate 


positional coordinates and direct individual 
motor controllers to proper attitudes. 
Figure 2 shows the Bitbus approach to 
distributing the control while providing for 
future expansion and performance 
enhancements. In this example, the 
Multibus-based robot controller contains 
the iSBC 286/10 single board computer, 
an iSBC 012CX memory expansion board, 
an iSBC 186/03 single board computer, 
and two iSBX 344 Bitbus expansion 
modules. Each board performs a particular 
system function. The robot drive elec¬ 
tronics are housed in a separate Eurocard 
housing mounted within the robot base. 
Bitbus connections link the robot con¬ 
troller to the robot, teaching pendant, and 
work-cell controller. An RS-232 interface 
is provided to support communication with 
existing display and control equipment. 

Robot Controller. The iAPX 286/287- 
based computer board provides high-speed 
computational power to control overall 
robot motion. Simple high-level commands 
can be sent over the iSBX connector with¬ 
out regard to their eventual destination 
because no special software is needed to 
drive the robot link. The Bitbus controller 
will automatically send the command to 
the appropriate control node, ensure prop¬ 
er transmission, and continue polling the 
slave (interleaved with other commands) 
until an adequate response is relayed back 
to the base-board processor. If the com¬ 
puter board uses a multitasking operating 
system, message traffic can be maintained 
while the processor is calculating new posi¬ 
tion information and interacting with the 
RS-232 link and other processors. 

Robot Drive Electronics. A collection of 
iRCB-style boards in the base of the robot 
provides servomotor control and sensory 
feedback to the robot controller. The 
custom servomotor drive card provides 
maximum flexibility for each axial motor. 
Each axial motor control card contains an 
iDCM Controller that maintains the Bitbus 
link to the master while performing all the 
required loop-control calculations. The 
card also contains inputs for individual 
limit sensors to maintain desired safety 
margins. The board is also capable of driv¬ 
ing up to 24 auxilliary connections in end- 
effectors and other peripherals. 

The number of degrees of freedom may 
be increased by adding another axial con¬ 
trol card. The Bitbus interface to the robot 
controller makes it possible to enhance, 
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Experience 
The Future 
With 

ROBOTiCS 

AGE 

Your Monthly Guide to 
Intelligent Machines 

Intelligent machines have already become a 
part of our world, touching our lives daily in 
many ways. The future is unfolding with a wealth 
of ideas and information. Developments in 
robotics and intelligent machines are happening at 
an incredible pace. ROBOTICS AGE is your 
monthly source of tutorial and practical informa¬ 
tion about experimental robotics. 

ROBOTICS AGE looks to this future with ar¬ 
ticles on walking machines, pneumatic systems 
design, low-cost vision systems for microcom¬ 
puters and domestic robots. You'll find articles on 
the realities of industrial automation as well as 
the prospect of personal robotics in the home and 
office environments. Explore with us the intimate 
relationship between hardware and software 
engineering. A subscription to ROBOTICS AGE is 
your key to the fast-paced technology of robotics. 

Don't miss out on a single issue. Subscribe to¬ 
day and have the next issue delivered to you. 

You can save by subscribing now at our subscrip¬ 
tion price of $24 for the next twelve issues. 

That's a full one-third off the newsstand price for 
the same issues. And, if you include payment, 
you'll receive free a reprint of the article "ODEX 
I: The First Functionoid." . 


Send in your order to 

ROBOTICS AGE 

174 Concord St. 

Peterborough, NH 03< 

Or give us a call at 

(603) 924-7136 

Sign n>e up for a 12-issue trial subscription... 

D Send an issue and bill me $24.00 for 12 in all. 
n Enclosed is $24.00 for 12 issues plus the ODEX I 
reprint. 6/84 RA 


Name 


Address 


Town/City 

State 

Charge my 

□ Master Card 

□ Visa 


Charge Card Number hxp. Date 

Foreign orders should be paid in U.S. funds drawn on U.S. bank, 
at the following rates: Canada & Mexico—$28.00: all other 
Foreign—$32.00. 




Bitbus Robot Example 

The Bitbus microcontroller interconnect is well suited for a number of different robot 
applications. Figure 2 shows a typical robot workstation that includes a machine tool, 
two robots, a conveyer belt, and a central work-cell controller. The hierarchy of devices 
shown reflects the recent factory automation trend of connecting more machines to cen¬ 
tral accounting and control systems. One standard interface (labelled A) at the face-plate 
of each robot lets users select end-effectors from a variety of sources while maintaining 
a common control interfece to the robot controller. The other standard interface (labelled 
B) ensures a coordinated work-cell by providing a way to connect robots, conveyers, etc. 
to the same work-cell controller with a simple and standard control interface. 



Figure 2. The Bitbus microcontroller interconnect is well suited for a number of different robot applica¬ 
tions. Typical robot workstations include a machine tool, two robots, a conveyer belt, and a central work-cell 
controller. One standard interface (labelled A) at the face-plate of each robot lets users select end-effectors 
from a variety of sources while maintaining a common control interface to the robot controller. The other 
standard interface (labelled B) ensures a coordinated work-cell by providing a way to connect robots, con¬ 
veyers, etc. to the same work-cell controller with a simple and standard control interface. 


change, and substitute different robots 
without having to change hardware or soft¬ 
ware in the master controller. 


CONCLUSION 

The Bitbus microcontroller interconnect 
provides a method of connecting con¬ 
trollers in distributed control applications. 
By means of standard interfaces and 
specification of new and useful hardware 
and software interfaces, the Bitbus inter¬ 
connect can link together many intelligent 
parts of industrial work-cells, distributed 
motor and device control, data acquisition, 
and distributed process control systems. 
Looking for a standard interconnect, 
Westinghouse, Unimation, Yasakawa Elec¬ 
tric, Mitsubishi Electric, and other well- 


known industrial control vendors have 
already turned to the Bitbus as a possible 
means to remove the final obstacle preven¬ 
ting proper synchronization of high- 
performance distributed control systems. 
Using a standard interconnect allows 
previously isolated controllers to interact 
with other parts of a distributed control 
system—even when those parts are from 
many different vendors. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

74 84 94 

Excellent Good Fair 
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EMTROL’S SBC 828 

MICRO CONTROLLER 


Stepping-Motor Driver Box 
with on board BASIC in ROM 

Controls Motion from any CRT or Computer 


Part No. 

SBC- 

828-C 

EPS-5 

EAB-6 


Basic Controller with $275.00 
2 K Memory 

SBC 828 Power Supply $140.00 
SBC 828 Aux. Board with $152.00 
Space for 6 I/O Modules 


Port No. 

EPT-1 

EAD-4 


SBC 828 Prototype Card $94.00 
SBC 828 4 Channel (Available 


Analog Input Board 5/1/84) 
ETM Tech Manual $35.00 

ELB-1 SBC 828 Utility Library $40.00 

EMC-2 6116 RAM 1C $10.00 

EMC-2E 2716 EPROM 1C $10.00 

(Up to 8K RAM or EPROM 
may be added to Basic Controller) 


EM-1 SBC 828 Modem $362.00 

ECM-1 SBC 828 Memory $202.00 

Expansion and Clock 

EME-24 SBC 828 24 Bit I/O $152.00 
Expander 

Prices: Prices are FOB Lancaster, PA. Prices are subject to chonge without notice. Terms 
& Payment; Terms are net 30 days with open accounts. Credit cards, C.O.D. and company 
checks accepted. Quantity Orders: Contact EMTROL for quantity discounts. 

FOR INFORMATION, TECHNICAL ASSISTANCE 
AND ORDERING INFORMATION CALL 

1-717-397-2531 

Emtrol, Inc., 123 locust street, Lancaster, pa i7602 


Process Control 

Robotics i|:r 3-D X,Y,Z Motion 

HOOKUP AND GO! 
Provides all required power 

Drives 4 motors at up to 5 amps per winding 
while sensing 8 limit switches 

STEPPING-MOTOR TIPS COOKBOOK: $8 
with 3-0 software & schematic 
BIG STEPPER: 

Parallel Version $495/card only $195 
Smart Version (RS232) $850/with BASIC $985 
Centre Computer Consultants, (814) 237-4535 
P.O. Box 739, State College, PA 16804 


C-1500 
SERIES 

ENCODER-TO-COMPUTER INTERFACE 


Take 
Control 


Introducing the CYBOT Gripper. It Is do motor driven and Is 
quiet and quick acting. At only $249.95 it's ideal for 
education, research, and light-duty industrial applications. 

The Gripper features four sensory outputs: forward and 
reverse limit switches, jaw position and force. Additional 
specifications include: 

• 0"-2" grip range • size: 1" x6" x 3" 

• 10 lb squeeze force • replaceable jaw pads 

• weight: 6 oz 

A universal attachment plate, with through tapped holes, 
makes mounting the gripper easy. 

Ordering Information 

CYBOT Gripper.$249.95* (coll for qty discounts) 

(206) 827-6199 

?^^7th Avenue ’Terms: RO. or check. Washington 

Kirkland, WA 98033 residents add 7.9% sales tax. 


Buckminster Corporation's 
C-1500 Series Encoder 
Interface Modules enable 
a microcomputer to keep 
track of position based on 
the outputs of incremental 
shaft encoders. They offer 
continuous operation over 
large distances, bidirectional measurement of linear or 
rotary displacement, and computer settable home 
position. Modules are available for the DEC LSI-11 
and the Pro-Log STD bus. 

The C-1500 Series is part of Buckminster’s C-1000 
Series of building blocks for position and motion 
control. Call us for more information. 

cincKici BUCKMINSTER CORPORATION 

"cltJtJCl"" 09 HIGHLAND AVENUE SOMERVILLE. MA 021 A3 

ei7SB4-2dS6 Circle 8 


Circle 12 
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COMPUTER 
RUNS MOTORS 

• ROBOTS 

• PROCESS CONTROL 

• CONVEYORS 

• FORWARD/REVERSE 

• DUAL CONTROLLERS 

• ONE PORT CONTROLS 
FOUR MOTORS 

Use your^omputer with the CDFR controller to command 
speed and direction of two independent motors from a 
single parallel output port. Ideal for robot drive motors or 
any two functions requiring proportional bipolar control 
with bridge output circuitry. Six versions cover an output 
range of 6-70 Vdc up to 40 amps. Typically the CDFR 
controller installs between the computer, a 12 Vdc battery, 
and two DC PM motors mounted right and left on a robot. 
Simple software commands set speed and direction 
latches in the CDFR thus freeing your computer for other 
tasks. Rugged relayless PWM output circuitry is optically 
isolated from the CMOS control logic and your computer 
to eliminate ground loops and facilitate flexible output 
configurations. Serial interface optional. One year limited 
warranty. Buy the CDFR-2 now with 15V 12A outputs for 
$225.00. Ask about our other robotics components. MC, 
VISA, MO. or check. 

VANTEC _ 

!^■P| 15445 Ventura Blvd., Suite 10-281 
Sherman Oaks, CA 91413 

(818) 993-1073 


SALES 

POWER 

As the exclusive California Representa¬ 
tive for six major personal and educational 
robot manufacturers, New Tech Promo¬ 
tions has the power to promote and sell 
your robotics product. 


NEW TECH 
PROMOTIONS 

(213) 470-8383 

2265 WESTWOOD BLVD. 

SUITE 248 

LOS ANGELES CA 90024 



IMAGING APPLICATIONS 
SPECIALISTS 

Bahr Technologies, Inc. has a five year history of providing 
innovative solutions for nationally known clients using the 
latest available electronic, microprocessor, and software 
technologies available. 

Now Bahr is offering a complete turnkey system approach 
in the imaging field to solve your gauging, inspection, and 
quality control production line problems. 

Hardware configurations using video, infra-red, x-ray, or 
ultrasonic imaging techniques, and customized software ap¬ 
plication programs can provide your firm with a total system. 
When combined with robotics, a fully automated production 
line which improves productivity and eliminates defective 
goods can become a reality. 

Bahr engineers are available on a consultant basis to discuss 
your applications. We will perform an in depth study of your 
problem and will guarantee a workable solution before you 
make a capital investment. From consulting to feasibility 
studies to systems integration, Bahr provides complete sup¬ 
port services. 

Call either Dennis Bahr or Kendall Post for more 
information, or write for details today: 



1842 Hoffman Street, Madison, WI 53704 (608) 244-0500 


ACHIEVERS 

Are you one of the top ten percent 
in the Automation/Robotics industry? 
I need you. 

I am aware of numerous opportunities, applications, ATE, design of fixed and flexible 
automation, firmware and software, I/O and controls engineering, systems engineer¬ 
ing, implementation/Sr. Automation engineering, director of advanced manufacturing 
and vice president of advanced technologies and other management level positions 
within Fortune 500 companies, robot manufacturers, from start-up companies to ones 
with over 10,000 employees, some contract positions as well as equity positions. Con¬ 
fidentially contact John Irwin. 

NORTH SOUTH EAST WEST 

CORPORATE 

MANAGEMENT 

Time is money! Why wait? 

I know you need the best qualified applications, SR automation systems, fixed and 
flexible, and controls engineers, as well as the most aggressive and talented sales and 
marketing people. I know you want the lai^gest pool of proven technical management, 
contract consultants and entrepreneurs available. For your own confidential consulting 
about either contingency or retained search, locally or nationally, call or write: 
John Irwin, 

Alron Corporation, 

7505 East Main St, Ste. 600, Scottsdale, AZ 85251 

602-941-1762 


38 ROBOTICS AGE June 1984 


Gtrcle 26 


Circle 2 



















































Circle 24 


Circle 32 


'i. 








is.. 


THE ROBOT TECHNOLOGY SERIES 

By David M. Osborne 
Book 1 

ROBOTS: An Introduction to Basic Concepts and Applications 
This state-of-the-art text, first in the Robot Technology Series, explores “steel-collar workers," 
their design and construction, applications, and challenges and opportunities for the future. 

Over 115 illustrations are included, plus a complete glossary. Analogies of everyday ob¬ 
jects such as a bicycle, music box, dehvery truck and screen door are used to explain robotics 
principles and construction. 

Hard cover NOW ONLY $29.95 


Book II 

The Applications of ROBOTS to Practical Work 
Once you have a basic understanding of robots, this book shows you how to put them to 
work. You learn how to analyze a job for robot feasibility. How to break down a job into 
its basic functions. How to select a robot. How to choose a robot company. How to plan for 
and install the robot. 

You're taken through several realistic robot installations from loading a lathe to 
assembly... from welding to deburring. You'll also learn that a robot is not always the answer! 

There are over 120 illustrations and photographs, plus a listing of major robot companies. 
Questions are included for classroom use or self-study. 

Hard cover: $27.50 Soft cover $19.95 

These are the good basic books you have been looking for. 

These books were designed for teachers, students, executives, managers, engineers, strategic 
planners, human resource specialists, researchers, labor leaders, and anyone interested in 
this leading-edge technology. 

Midwest SciTech 

17385 Conant, Detroit, MI 48212 

Telephone 313/540-9880 

Visit us at the ROBOT 8 show. Booth #7077 



YES! Rush me_LINE TRACER kits so I can build my own 

intelligent robot(s). 

Name___ 


I city _State_Zip_ 

I Check, money order enclosed for $ _ 

' (Include $2.50 handling charge) Allow 3-4 weeks for delivery, 
j Mass, residents please add 5% sales tax. 
[_Sen^to_^M_Ro^tlcs^7^Ralston (^stnut Hill.^A0216^ 


The 21st Century Is here! Infra-red from the LINE TRACER'S elec¬ 
tronic censor detects any dark colored line on light surface. Just like 
full-size robots, Japanese-made LINE TRACER follows the line as its 
path thanks to electronic controls. Plus all circuits and moving parts 
ofthe2V2 "high x 5"dia. robot are visible through the Impact-resis¬ 
tant clear acrylic body. Build this Intelligent robot from a complete kit 
of quality made precision parts with easy-to-follow Instructions. No 
fancy tools needed! IDEAL STARTER KIT FOR INTELLIGENT 
ORDER NOW! MACHINE ENTHUSIASTS 


BUILD YOURSELF AN INTELLIGENT ROBOT! 

TRACER^-^^ 


$59.9S 


FUN, 

EDUCATIONAL 
A GREAT GIFT! 


HaBBV rdbdtF 


More SpecDroids^” from SPEaRON INSTRUMENT 



ROBOT IV KIT $250 

A traditional style robot arm. 3 axis plus 
grip and wrist rotation. It complements 
our ROBOT I by introducing motion in 
three dimensions with parts gripping and 
handling. (It doesn't have the drawing and 
vision ability of our ROBOT I). Great for 
stacking sugar cubes, or for transferring 
to your coffee. With software for learn 
mode using VIC 20/64 and joystick. In¬ 
cludes 2 & 4 finger grippers. Optional vi¬ 
sion add-on module. 


VISION SYSTEMS 

VISION I KIT $100 

Panoramic scan vision system. Use for 
motion detection and tracking, pattern 
recognition. 

VISION I 

STEREO/TWIN KIT $150 

Triangulates for 3D ranging. 

VISION 2D KIT $135 

Adds tilt for TV image. Full grey scale. Easy 
to use with BASIC. Pattern recognition, 
X-Y tracking, Robot Vision. 



VISION 0 KIT $40; 2 for $70 

Fixed view and proximity detect. 


Interface kits for several computers, more arms and vision units. 

WRITE OR CALL FOR CATALOG. 

SPECTRON INSTRUMENT 

1342 W. Cedar Ave. Denver, CO 80223 

Telephone (303) 744-7088 




HIGH STEPPER 

High Performance Low cost 

Stepper Motor Driver Interface Card 

Cyberpak's HS-2 Stepper Motor Driver/Controller marks a major 
advance in low cost stepper motor control. HS-2 offers all the 
features of other low cost controllers plus major increases in 
performance and flexibility. 

The CYBERPAK High Stepper offers these features: 

• Interfaces to any personal computer with a parallel port 

• Capable of driving two stepper motors and of interfacing to 
most common types of stepper motors (up to 2 amps per 
phase) 

• Completely opto-isolated, yet requires only 1 ma drive 

• Allows both bipolar or unipolar motor configuration. Bipolar 
yields a 25 to 40% increase In torque over unipolar 

• Uses switched mode drivers, which regulate current through 
coils of the motor, and yield increased torque and a higher 
maximum step rate 

• The motor supply voltage may be up to 46 volts 

• The current for each motor can be adjusted independently 

• Full, half-step, and wave drive, plus an inhibit mode (drive 
power removed from the motor entirely) are selectable via 
the parallel port 

The HS-2 controller card is available In both single and dual 
motor control versions. The single version is upgradeable to the 
dual version. 

HS-2 Single Controller/Driver $ 99.00 

HS-2 Dual Controller/Driver $139.00 

CyberPak 

PO Box 3S. Brookfield IL S051 3 
C312) 3B'7-0S02 
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The first magazine of its kind, PRM pioneers the exciting field of 
personal robotics, an Industry certain to revolutionize our lives as the 
computer did only a few years ago. You, the personal robot enthusiast, 
user, and/or developer, now have the opportunity to receive Personal 
Robotics Magazine, the publication designed to grow with the revolution. 


Y&s! 1 want to subscribe to PRM. 

• Helpful information on 

5 personal robots and their 

S accessories. 

s 

2 • Programs and projects for; 

4 Androbots, RB5X & Hero-1. 

f 

NAME 

STREET ADDRESS 

f • Forum for personal robot 
i enthusiasts, users, and 

CITY STATE ZIP CODE 

J hobbyists. 

Please send me: 

2 

5 • Users’ groups listings. 

□ 1 year (6 issues) of PRM. ($12.) 

j 

P • Inside Information on robot 

□ 2 years (12 issues) of PRM. ($22) 

2 companies and their latest 

□ Bill me. □ Check enclosed. 

J developments. 

5 

5 • Insightful essays on the 

Send coupon to: PRM-Subscription Dept. 

P.O. Box 421 

5 future of robots. 

Rheem Valley, CA 94570 

J • Plus much, much more! 


6809 SYSTEM DEVELOPMENT 



EXPANSION HARDWARE FOR 
THE TRS-80 COLOR COMPUTER 

XPNDRr 

CoCo Expander Card 

Gold edge connector plugs into 
the CoCo cartridge connector. 

Signals are labeled on the bot¬ 
tom (wire side) with ground and 
power buses: plated through 
holes. The 4.3 ^ 6.2 inch glass/ 
epoxy card Is drilled forICsand 
components. The finest bare 
breadboard for your CoCo. In¬ 
cludes 8 page Application Notes 
to help you get started. 

$19.95 each or 2 for $36 


SuperGuide™ 

Precision molded plastic insert 
designed specifically to align 
and support printed circuit 
cards in the CoCo cartridge slot; 
an unbreakable removable card 
guide. Patent Pending. 

$3.95 each 

Available now from: 

ROBOTIC ^^MICROSYSTEMS 

BOX 30807 SEATTLE, WA 98103 


$99 Single Board Computer/Controller 



MODEL MCG 

• 8085A CPU 

• 2K System Monitor 

* Hardware Testing & Software 
Development 

• Debugging 

• I Serial RS232 Port 

• Two Programmable 8 Bit Ports 

• 6 Discrete Control Lines 

• 256 Bytes Ram 

• 5 Interrupts, 3 with Maskable Priority 

• Optional 2K RAM 

• Optional 2K EPROM 

• Onboard Prototyping Space (with Holes 
& Solder Pads) 


-85 FEATURES 

• Automatic Baud Rate (50-19.2KB) 

• Programmable 14 Bit Counter/Timer 

• 6.144 MHz Crystal (l-IO MHz Optional) 

• Power-On Reset 

• Push-Button Reset 

• 44 Pin Edge Connector with Address, 
Data, Control & Spares (MCG Bus) 

• All IC’s on Gold Plated Sockets 

• Gold Plated Edge Connector Fingers 

• 4'/2x 6!/6 Inch PCB 

• FR4 Material, Fully Solder Masked 

• Optional Line Assembler on 2716 
EPROM 

• Optional Disassembler on 2716 EPROM 


PRICE FOR MCG-85: $99 KIT, $135 A & T. Expansion boards available, include 
16 Channel A/D; Eprom Programmer/Memory; 48 Line Parallel I/O; & Mother Boards. 

We also have a full line of STD Bus products (Inquire about our STD 64K Single Board 
Computer). 

Visa, MasterCard, Amex & COD accepted. Add $5.00 S & H. 

(^^YNALTA A 

V Systems J 

31-14 Broadway, Astoria, NY 11106. (212) 728-6700. 


GINEERS 


WE HAVE YOUR 
NEXT POSITION 


Engineering & Scientific Career Placement is our only 
business, so you know you're getting specialized service 
and top opportunities NATIONWIDE. 

DESIGN • DEVELOPMENT • RESEARCH 
• MANUFAaURING Positions Available In: 

• Robotics • Control Systems 

• Sensor Technology • Hardware/Software 

• Factory Automation • Mini/Micro Computers 

• Artificial Intelligence 

All fees, relocation and interview expenses 
COMPANY PAID. 

Contact us with or without a resume. 


James E, lannoni & Assoc, 

P.O. Box 128 
Canterbury, CT 06331 
203-546-9448 
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Editorial 


Continued from page 4 

allow proud owners to take immediate 
control of their robots without having 
to learn a lot of complex program 
commands. 

Conversely, the built-in Logo pro¬ 
vides advanced program developers 
with a base for constructing pattern 
matchers, natural language programs, 
and problem solvers. From program¬ 
ming novice to advanced AI researcher, 
Logo provides a common thread for all 
levels of program development. 

Logo is one of the most powerful 
programming languages ever to receive 
widespread acceptance. Let’s not leave 
it just for our children and the turtles. 


FUTURE ARTICLES 

Part 2 of Charles Balmer’s article on con¬ 
structing a foundry will appear in the July 
issue of Robotics Age. 

As always, we at Robotics Age like to 
hear from authors and potential authors 
with article ideas. If you are experimenting 
with some unusual systems or applications, 
give us a call and tell us about your 
discoveries. Some of our near-term plans 
for future issue themes include the use of 
robots in an educational environment, how 
to provide your robot with a sense of its 
environment through the use of low-cost 
data acquisition, a look at what is available 
in stepper motors and stepper motor con¬ 
trollers, vision systems and algorithms, real¬ 
time operating systems, and novel forms 
of locomotion including flight! If you have 
any ideas about what you would like to see 
in future issues of Robotics Age, give us 
a call, we’re always happy to hear from you. 
[Ray Cote, editor] 


classified 

Advertising 

GROWTH POSITIONS: $25- 
$60,000 -I- . Robotics, Automation, 
Intelligent Systems. Design, Appli¬ 
cation, Sales, Q.C., Manufacturing. 
National Coverage. 30+ years 
recruitment experience. Fees Paid. 
Longberry Employment, 635 Main 
Place, PO. Box 471, Niles, Ohio 
44446. (216) 652-5871. 


A TOTALLY NEW 
GUIDE BOOK TO 
SENSOR AND 
TRANSDUCER 
TECHNOLOGIES 


T *he 1984 Sensor and Transducer 
Directory is now available from 
the publishers of the monthly 
magazine, Sensors: The Journal of 
Machine Perception. This is the first 
edition of an annual directory to be 
published every January. It contains 
more than 300 listings of companies 
which make hundreds of components 
important to the engineer who must 
add sensors and real world interface 
components to microprocessor-based 
systems. 

You'll find information organized 
and indexed into two sections for fast 
answers to your sensor and trans¬ 
ducer technology questions. The first 
section is a complete master list of 
sensor and transducer manufacturers, 
corporate information and a company 
profile. Along with each company’s 
listing there is a list of distributors 
and representatives by geographic 
location. 

In the second section, weVe pro¬ 
vided a set of indices to the com¬ 


pany profiles by sensor type. You’ll 
find information on who makes near¬ 
ly 100 different classes of sensors 
ranging from accelerometers to ther¬ 
mocouples, from gas pressure to 
humidity, from acidity to resistance. 

If a physical, chemical or biological 
quantity can be readily turned into 
an electronic signal that can be 
analyzed, you’ll find a pointer to the 
manufacturer of such a sensor/trans- 
ducer product. For each type of sen¬ 
sor, you’ll find an alphabetical listing 
of company names and page num¬ 
bers, giving you fast access to the 
suppliers of each type of sensor. 

If you’ve ever had a tough prob¬ 
lem finding out who makes what 
kind of sensor. The 1984 Sensor and 
Transdueer Directory will be 
indispensable. 

Order yours today. 


ONLY $29.95 


□ Please send_copies of the 1984 Sensor and Transducer Directory at S29.95 (includes 

postage and handing costs). Total Enclosed S_ 

Overseas orders please add 58.00 for airmail postage 

□ fersonal Check DMoney Order DMasterCard DVisa 

6/84 RA 

Accxnt No Expres 

Signature 

Name Rease Prnt! 

Compar^' Rione 

Address 


(jty Stale Zp 

Send to North American Technology 

171 Concord St, Ftetertxxa^, NH 03458 (603) 92+7136 
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New 

Products 


MasterForth 

/l/yasterForth from MicroMotion meets 
1 , r/ all provisions of the new Forth-83 In¬ 
ternational Standard. MasterForth is a com¬ 
plete professional programming language 
and includes a built-in macroassembler with 
local labels, a screen editor, and a string 
handling package. The input and output 
streams are fully redirectable and make full 
use of the Apple DOS 3.3 file system. 
Floating point mathematics and high- 
resolution graphics options are available. 

The package includes Forth Tbols, a 
technical reference manual, and a complete 
listing of the MasterForth nucleus. Forth 
Tbols provides an in-depth view of input and 
output from reading the input stream to 
writing a mailing list program. Numerous ex¬ 
amples are provided. 

MasterForth retails for $100 to $160 
depending on options. For more informa¬ 
tion, contact: MicroMotion, 12077 Wilshire 
Blvd. #506, Los Angeles, CA 90025, 
telephone (213) 821-4340. 
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Expert-Ease 

xpert-Ease is a software product which 
brings qualities of “expert” human in¬ 
telligence to the microcomputer. It enables 
the user to construct expert systems without 
any knowledge of programming. The pro¬ 
gram, which operates on the IBM PC and 
certain IBM-compatible machines, claims to 
be the first practical microcomputer applica¬ 
tion of artificial intelligence. 

Examples are presented to Expert-Ease 
as a list of attributes which the user con¬ 
siders to be relevant to the problem. The 
final entry for each example is the decision 
class. From these examples, Expert-Ease 
derives a classification rule in the form of 
a decision tree. Whenever a new example 
is found which refutes the current rule, 
Expert-Ease can be asked to restructure the 
rule so as to accommodate the new case. 

The software is based on artificial in¬ 
telligence research by Professor Donald 
Michie and J. Ross Quinlan of the Univer¬ 
sity of Edinburgh. For more information, 
contact the the distributor: Jeffrey Perrone 
& Associates. Inc. 3685 17th St, San Fran¬ 
cisco, CA 94114, telephone (415) 431-9562. 

Circle 52 


Driver Motor Cards 

WO new stepper motor cards from 
Clifton Precision are suitable for pro¬ 
totyping, testing, and troubleshooting equip¬ 
ment designed with stepper motors. The 
driver cards allow engineers to fine-tune 
their prototype designs before their final 
stepper logic is built and incorporated into 
the equipment or system. 

Model LR-BP-20-35 is a bipolar driver 
card used for basic driver applications. The 
card uses a 35 V input and has a 2 A per 
phase output. The board can accommodate 
series resistors to increase torque at higher 
step rates. Model PW-BP-50-45 is a high- 


LSI-11 Robot Control 

igitax is a LSI-ll-compatible package 
of building blocks which allows fast 
and reliable design of numerical control 
systems for multiaxis machines (industrial 
robots, etc.). Its main features are: perform¬ 
ance, safety, flexibility, ease of maintenance, 
and programming. 

Hardware included for each axis includes: 
a Q-Bus dual board with 6809 micro¬ 
processor and axis I/O control; a connec¬ 
tion board with isolation, autotest, and 
manual control; a power drive for DC motors 
(50 V at 6A). 

Software is provided on the LSI-11 for 
direct interface with high-level languages 


performance driver Ccird that offers pulse- 
width modulated control for maximum 
torque and accuracy required by high- 
performance applications. It uses a 45 V 
power supply and has an output of 5 A per 
phase. Series resistors are not required. 

Both stepper motor driver cards are TTD 
microprocessor compatible and have full- 
and half-step capability. Inputs for direction, 
clock, inhibit, and reset are provided. 

For additional information, contact: Jim 
Chandler, Clifton Precision, PO Box 160, 
Murphy, NC 28906, telephone (704) 
837-5115. Circle 53 


(FORTRAN, Pascal, and robot control 
languages). Real-time axis control is im¬ 
plemented efficiently on the 6809. For 
special axis control applications, a 
macroassembler and a real-time debugger 
are available to tailor the 6809 programs, 
using the host LSI-11 as a development 
system. 

For more information, contact: Influx, 
Chemin des Clos, Z.I.R.S.T., 38240 Meylan, 
FRANCE, telephone (76) 41 02 81. Telex: 
980 674. The United States representative 
is: F. M. Services, Inc., 405 N. Wabash Ave., 
Suite 3903, Chicago, IL 60611, telephone 
(312) 644-9515. Circle 54 
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New 

Products 


Smart Steps 

SM2 intelligent stepper motor con- 
X troller includes onboard interrupt- 
driver software to allow multitasking opera¬ 
tions. Other features include serial port 
chaining of several cards, enhanced ramp 
controls, and constant velocity commands. 
The onboard microprocessor has the abili¬ 
ty to perform over 50 different prepro¬ 
grammed commands. The board contains 
optically isolated motor-driven circuitry 
capable of driving four phase motors at over 
2.5 A per phase. 

Commands may be sent to the SM2 over 
either an RS-232 serial connection or 
through the STD Bus interface. Commands 
may be sent or received at any time, even 
while moving. The onboard software sup¬ 
ports full, half, or user-defined step se¬ 
quences; absolute or relative position 
modes; up to 65,536 steps per move com¬ 
mand; and speeds of over 13,000 steps per 
second or as slow as 5 steps per minute. 



Motor command programs may be stored 
onboard in nonvolatile memory. 

For more information, contact: Advanced 
Micro Systems, Inc., 9 Executive Drive, Hud¬ 
son, NH 03051, telephone (603) 882-1447. 
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PCVISION Frame Grabber 

he PCVlSIOhTM Frame Grabber is a 
real-time video image acquisition and 
display module for the IBM PC and PC XT. 
The system includes a hardware module that 
plugs directly into an expansion slot in the 
IBM Personal Computer, comprehensive 
software driver routines, full documentation, 
and all required interconnecting cables. 

The Frame Grabber converts a standard 
(RS-170) analog video signal from a camera 
to digital data at a lOM Hz rate, and stores 
the resulting sbc-bit pixel data in an onboard 
512 by 512 frame memory. The system’s ar¬ 
chitecture enables it to simultaneously ac¬ 
quire and display 30 frames per second. Pro¬ 
grammable look-up tables on the output 


signal allow any arbitrary transformation of 
pixel intensity prior to display on an exter¬ 
nal monitor. 

Each location in the onboard frame mem¬ 
ory is eight bits deep and stores six bits of 
digital data (one of 64 gray scale intensities), 
with the remaining bits enabling two planes 
of graphic overlays. These graphic overlay 
planes can be used for generating and posi¬ 
tioning text or graphics without disturbing 
the stored video data. 

The complete PCVISION Frame Grabber 
costs $2995. For additional information, 
contact: Imaging Technology, Inc., 660 West 
Cummings Park, Woburn, MA 01801, 
telephone (617) 938-8444. Circle 56 




Single-Board 
Voice Processing 


yf new hardware design offers Votan’s full 
XX range of voice input/output technolo¬ 
gies on a single, low-cost board. Voice recog¬ 
nition, speech compression, and complete 
telephone interfacing facilities are incor¬ 
porated on a single VSPIOOO Voice Proces¬ 
sor board. The VSPIOOO board, featuring 
Votan’s newest continuous speech recogni¬ 
tion technology, allows an individual to 
speak to the computer in a normal conver¬ 
sational flow. In addition, a “word spotting” 
capability enables the system to pick out 
target words from a stream of normal con¬ 
versation. Speaker-independent recognition, 
which recognizes anyone’s voice speaking 
a limited vocabulary, is also offered as an 
option. 

Votan’s speech compression on the 
VSPIOOO provides human-sounding voice 
output capabilities for operator prompting 
and feedback by the machine. Based on a 
different technological approach than 
speech synthesis devices, Votan’s speech 
compression produces a robotic sound yet 
maintains low bit rates for reduced storage 
and data transmission costs. 



The VSPIOOO contains all hardware re¬ 
quired to service a voice channel under the 
control of a general-purpose system pro¬ 
cessor. By making use of the memory and 
processing power of the system processor, 
Votan was able to reduce the hardware re¬ 
quirements on their voice processor board 
for significant cost reduction. The system 
processor may be any single-board computer 
(8- or 16-bit) which is compatible with the 
IEEE-796 standard (Multibus). Single quan¬ 
tity price for the VSPIOOO is $2,500. 

For more information, contact: Votan, 
4487 Technology Drive, Fremont, CA 
94538, telephone (415) 490-7600. 
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Products 



Second Generation Hydraulic Teaching Robot 


eedback, Inc., has announced the 
availability of the Armdraulic Mkll 
EHA 1052, a microprocessor-controlled 
hydraulic teaching robot particularly well 
suited for instruction on the university, 
vocational-technical school, industrial, and 
military levels. The second generation Arm¬ 
draulic features expanded memory, en¬ 
hanced hydraulics, and additional control 
features superior to its predecessor. 

Controlled by a resident 6802 
microprocessor, the robot’s five axis revolute 
arm with two-fmgered gripper can be pro¬ 
grammed by either remote teaching pendant 
or optional external computer, via built-in 
RS-232C interface or eight-bit parallel port. 
The robot can store eight program se¬ 
quences in its nonvolatile memory, each 
consisting of up to 64 preprogrammed arm 


positions. The closed loop system provides 
continuous position feedback from all axes 
including gripper, thus allowing maximum 
grip control. 

According to Feedback, the 1052 uses 
double-acting hydraulic cylinders, which pro¬ 
vide greater power for wrist raising and arm 
and wrist rotation. The robot’s two-speed 
system automatically switches from normal 
to low speed as the arm approaches pro¬ 
grammed pre-set coordinates, thus enabling 
more precise positioning. The Armdraulic 
1052 robot has a maximum payload of six 
pounds fully retracted and three pounds at 
full extension. 

For complete information, contact: Feed¬ 
back, Inc., 620 Springfield Ave., Berkeley 
Heights, NJ 07922, telephone (201) 
464-5181. Circle 58 


Pertinent Books Reviewed 

he 1984 edition of the Synapse book 
catalog functions as a central source 
for the latest, selected, high-quality books 
on robotics, automation, artificial in¬ 
telligence, CAD/CAM/CAE, computer 
technology, biomedical engineering, in¬ 
strumentation, telecommunications, and 
simulation. The illustrated catalog serves as 
a detailed, bibliographic resource providing 
accessibility to titles from over 30 publishers. 
The books included have been reviewed by 
a professional staff and represent the best 
of varying theoretical viewpoints at different 
technical levels. 

To receive your free copy, write or call: 
Synapse Information Resources, 912 Cherry 
Lane, Vestal, NY 13850, telephone (607) 
748-7885. 
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MS-DOS Speech Input System 


O to-r is a speech recognition system 
for IBM PC and IBM PC-compatible 
computers using the MS-DOS operating 
system. The system consists of a single cir¬ 
cuit board which plugs into any hardware 
expansion slot. A proprietary firmware/soft¬ 
ware combination provides a transparent in¬ 
terface with the applications program, allow¬ 
ing voice input to be used interactively with 
a keypad or other data entry device. 

The Oto-I* speech recognition system 
provides better than 98 percent word 
recognition accuracy. A 128-word vocabulary 
can be stored onboard and expanded to 512 


words or short phrases. The Oto-I* provides 
syntax control for up to 32 syntax sub¬ 
groups. The hardware also controls 
automatic gain compensation and back¬ 
ground noise level filtering. 

Oto-I* is transparent to PC-DOS (MS- 
DOS), allowing users to easily place all ex¬ 
isting software under voice control without 
writing additional software. The speech 
recognition package also contains Voice- 
Key,* a menu-driven program which guides 
the operator through the simple process of 
training the computer to recognize a vocab¬ 
ulary. Speech In* is a menu-driven program 


Circle 60 

filled with instructional games and exercises 
which help the operator successfully 
substitute voice commands for keyboard 
control. OtoFile* is a vocabulary builder and 
controller which turns the Oto-I* speech 
recognition system into an unlimited 
vocabulary sytem. OtoFile* allows the 
operator to build an unlimited number of 
128-word groups and to access them 
through syntax or keyword branching. 

The Oto-l* speech recognition system is 
available for $795 from Lynn E. Thylor, 
MicroPhonics Technology Corporation, PO 
Box 7411, Federal Way, Washington 98003. 
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New and Available now... 

COMPLETE FORTH DEVELOPMENT 
SYSTEM FOR $250.00! 







uXtKT 






Our board, the NMIX-0111, the “100 Squared,” 
surrounds the R65F11 with innovative circuitry that 
allows the chip to be a complete FORTH development 
system. All that is needed to do program development 
in FORTH is a CRT terminal or microcomputer that 
speaks RS232 (seven data, one start, two stop bits). 


Power comes from a 9 volt AC or DC power source. 
DC to DC converter provides negative voltage for the 
RS232. Three JEDEC 28 pin sockets are provided 
which will accept: 

RAM’s 2016,2128,5517,6116,5564 

EPROM’s 2716,2732,2764 

EEPROM’s 2816A 

. The board can program in circuit: 

I R2816A 2764* 

« *requires additional VPP voltage supply. 


Substantial Quantity Discounts 
Available! 




All this plus the powerful R65F11 
which features: 

* FORTH kernel in ROM 

* 192-byte static RAM 

* 16 bidirectional, TTL-compat- 
ible I/O lines 

* Two 16-bit programmable 
counter/timer, with latches 

* Serial port 

* Expandable to 16K bytes of 
external memory 


* Now Available—New R65F12 Board 
Same as Above with 40 I/O Lines 
$290.00 




10 / 


New Micros, InC; 

808 W. Dalworth 
Grand Prairie, Texas 75050 
(214) 642-5494 
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NEW LABEL 



Honeywell Motor Prod¬ 
ucts Division has a new name. 

We are now known as “Pacific 
Scientific Motor and Control Di¬ 
vision.” The acquisition took 
place earlier this year so our 
products will have a new label, 
but nothing else has changed. 

We’re going to continue to operate and 
grow in Rockford, Illinois. And our staff of 
professionals will continue to design, manu¬ 
facture and deliver the highest quality, 
special purpose electric motors and brushless 
controls available. Our new parent company. 
Pacific Scientific, is lending increased sup¬ 
port to the development of exciting new prod¬ 
ucts. In fact, several additions to our product 
line will soon be introduced. 


P.O. Box 106 • Rockford, Illinois 61105-0106 • 
(815) 966-3600 • Telex 257-315 


So, while our labels have 
changed, the ingredients of out¬ 
standing quality, service, engi¬ 
neering and delivery will stay 
the same. 

For all your special pur¬ 
pose electric motor needs in¬ 
cluding permanent magnet 
iron core, low inertia, brushless motors and 
controls, or electric generators, think of 
Pacific Scientific. 


(P 


PaCIFIC" Motor & Control 
SCIERTIFIC Division 
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